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CHAPTER I
INTRODUCTION
The Problem
Reports that the teaching of high school science is
collapsing and that the enrollment in science courses in
secondary schools is declining are finding their way with
increasing frequency into all channels of communication.
Perhaps these charges are prompted by good wishes, with the
hope that eventually the United States would wake up to the
situation and more effort would be made to increase the
interest in science among the secondary school students and
improve the instruction in the classroom.
The possibility that a major shortage of scientists
and engineers may be experienced by the United States
within the next decade has been brought to attention
again by the Manufacturing Chemists’ association.
Chemical industry executives at the group’s 84th annual
meeting were told that by 1965 the nation may have
465,000 fewer scientists and engineers than it needs*
Dire prophecies of this sort have become so common
that there is danger they will not be heeded. The fact
is that the warnings must be heeded if the United States
is to maintain its position of leadership in the world
of technology#
The Manufacturing Chemists’ Association figures
result from an independent study. They are based on
estimates of industrial growth and of the number that
will receive bachelors’ degrees in science and engi
neering through 1965.
Estimates of this kind are tricky, as the history of
economic and social forecasting amply shows. Even if
substantial allowances are made for error, however, the
prospective shortage of men trained in these fields seems
great# It is great enough so that a leading chemical

—1—

executive predicted that industrial expansion will "slow
down to a walk, a crawl, or stop" unless more young
people go into science.
One way of getting more high school students to
undertake scientific or technical careers is the Soviet
method of simply ordering them to do so. Happily, that
method is out of the question in the United States. Our
only recourse is to make young people aware of the
challenge and advantages of such careers, and to give
them the best training of which our system is capable.
The time to begin this course of action is now.^
The scientists of the future are in the schools of
today, and if there are too few students preparing for a
career in science today, there will be too few scientists,
engineers and technicians tomorrow.

Our country*s welfare

depends upon research and development in connection with
national defense.
Dr. W. V. Lambert, Dean of the University of Nebras
ka, College of Agriculture, who headed the American farm
delegation to Russia during the year 1956 stated recently:
Whether we like it or not we can’t laugh off Russia’s
tremendous progress in industry, agriculture, education,
science and research. The Soviet Union is turning out
50,000 college trained engineers annually compared to
some 17#000 in the United States; 20,000 graduates of
medical schools, almost three times the 7,50 0 here; and
two and one-half times the number of agricultural
college graduates. The same is true in the fields of
physics, chemistry, and mathematics. They are way ahead
of us. At the present rate, in another 25 years or so
their technological manpower pool will be so far ahead
of ours that we simply won’t be able to compete with the
world for leadership.^
^Editorial in The Daily Missoulian (Missoula, Montant,
June 17» 1956.
^J. W. Galbreath, "The Critical Shortage of Science
and Mathematics in Our Schools," School Science and Mathematics, 5 6 :596, November, 1956.

-3John McGrath, former Commissioner of r^ducation, in an
article appearing in Nation*s Schools) pointed out that
decreased enrollments in chemistry in high schools are not
new.

Chemistry hit its percentage peak in 1890 and more

than twenty years ago chemistry enrollec only 7«5 percent of
the school population as against a nineteenth century top of
10 percent.

In 1934, fewer than 60 percent of the secondary

school population was enrolled in all science courses.

This

figure compares to 93 percent in 1895 when fewer types of
science courses were offered.
These figures taae on a significance, touching on
bewilderment, when it is recalled that the decline in
high school interest in the physical sciences was, and
is, contemporary with the outburst of scientific
achievement that is fabulous.4
hdgar Fuller, in the same issue of Nation* s Schools.5
pointed out that the latest data show that 50 percent of all
high schools that are the smallest enroll less than 11 per
cent of all high school students, and that more than onehalf of all high school students attend the 10 percent of
the high schools that are the largest and which have excel
lent programs in physics and chemistry.
3John McGrath, "Science Education— For What Purpose,"
Nation*s Schools. 57:43-52, May, 1956.
4lbid.. p. 46.
^Edgar Fuller, "Wire From Washington." Nation* s
Schools. 57:120, May, 1956.

ml^tm

Kenneth Brown, mathematics specialist of the United
States Office of Education, in a study made of a 10 percent
sample of randomly selected public high schools during the
year 1954-55, found that )1.9 percent of all eleventh grade
pupils were enrolled in chemistry and 7*3 percent of the
total high school population were taking chemistry*

This

study also showed that the percent of the total high school
population enrolled in chemistry has varied from 7*7 percent
in 1900 to 7*3 percent in 1954*

The percent has varied very

little over the years, but enrollment in the high schools
has increased many times*6
The science student of today must be considered a
potential science teacher of tomorrow*

The readiness with

which men and women of scientific attainments are hired for
the more lucrative positions in industry makes it almost
impossible to retain these people as instructors of our
youth on the meagre allowances assigned to the educational
system of this country*

Technically trained personnel who

might become effective science teachers are in short supply*
There is little accurate information on the numbers
of college graduates who actually go into high school
teaching.
^United States Department of Health, Education, and
Welfare, Offerings and Enrollments in Science and Mathema
tics in Public kigh S^ehooTs. Pamphlet No. 118, United States
Ôffice of Education (Washington : United States Printing
Office), pp. 6-11.

-5A recent study in Minnesota? showed that only 41 per
cent of the 137 graduates in secondary science were teaching
The remainder of the graduates were in the military service,
were married, were continuing their studies for advanced
degrees, or were employed in other occupations.

There is no

way of knowing how many people of the last groups mentioned
were forever lost to the teaching field.

About 40 percent

of the science teachers now teaching are women and only 24
percent of the women are attracted to chemistry.
Figures comparing the supply and demand of science
teachers and the projected high school population during
the next decade are rather alarming.

The high school popu

lation for the school year 1959-60 is estimated at over nine
million and this figure will rise to between eleven and
twelve million by 1965.

At the same time, the estimated

number of science teachers needed by 1959-60 is eighty-four
thousand, and by 1965, this number is expected to reach one
hundred thousand.6
The question seems to be what, where and how.

Many

educators agree that there is need to revitalize high school
instruction along the scientific front.

The need for

^Critical Years Ahead in Science Teaching. A Report
of the Conference on Nation-wide Problems of Science
Teaching in the Secondary Schools (Cambridge, Massachusetts:
Harvard University Printing Office, 1953), p. 13.
^Ibld.. p. 10.

-6improved quality of instruction is necessary for the scien
tific and technological progress in the country.

That this

need calls for an immediate, coordinated massive attack on
the under-lying causes seems essential.

These same educa

tors point out; with equal emphasis, that there io need for
a complete re-appraisal of the entire field of public
education.

To develop comprehensive and workable solutions

for scientific education is impossible without intensive
study, experimentation and adaptations for the entire high
school curriculum.9
Purpose of the Study
The purpose of this study was:

(1) to give a brief

historical overview of chemistry in the science curricu
lum of secondary education, (2) to gather all available
data possible concerning the number and percent of schools
in Montana offering a course in chemistry, the number and
percent of students enrolled in chemistry, the qualifi
cations of the teachers of chemistry, and the extent to
which chemistry is made more interesting by means of pro
jects, science fairs, field trips and other extra-curri
cular activities, and (3) to compare the findings of this
study with studies done in other states and the nation.
^McGrath, op. cit., p. 44*

Scope of the Study
This study was confined to the public secondary
schools in Montana and was restricted to those schools
teaching chemistry every year or every other year.

This

study was confined to the subject of chemistry in the
science curriculum because the author felt that a more
detailed and comprehensive study could be made if only one
subject in the field were surveyed.
Sources of Data
The data collected for this study came from two main
sources.

Information concerning the number of secondary

schools in Montana that offered a course in chemistry, the
name of the chemistry teacher, the enrollment as of October
1, 1956, in each grade, the number of boys and girls in each
grade and the total enrollment of each school was obtained
from the Form A, dtate High School Reports in the Office of
the High School Supervisor, State department of Public
Instruction, Helena, Montana.

These reports, prepared by

the executive heaa of each secondary school, must be sent to
the High School Supervisor by October 5th of each year.

The

other source of information was a questionnaire^O consisting
of a total of sixty-three questions and covering the follow
ing five items:

administrative procedure, teacher

lOSee Appendix A

qualifications, classroom and laboratory procedure, labora
tory facilities and testing procedure*
Collection of Data
Since it was physically impossible to personally
visit each school, the questionnaire was sent to the chem
istry teacher of each school offering a course in chemistry*
Prior to mailing the questionnaire, four tentative forms
were tried out to ascertain if the questions asked were
clearly stated and the approximate time necessary to com
pletely answer the questions•
Since 149 public high schools, or 6 6 percent of all
public high schools in Montana, offered a course in chem
istry, all schools were sampled.
A letter of explanation^^ and the questionnaire were
sent to each school sampled on January 25, 1957.

During

the first two weeks seventy-five completed questionnaires,
or almost 50 percent were returned,

a postal card^^ follow-

up was mailed on the 18th day of February to the seventyfour chemistry instructors who had not returned a question
naire*

This follow-up produced twenty-nihe more returns for

a total of 104, or 70 percent.

The second follow-up

consisting of a personal letter^3 and a copy of the
llSee Appendix A
^^See Appendix A
^3See Appendix A

quoatlonnaire was mailed on the 18th of inarch to the fortyfive instructors yet to respond.

As a result, the total

number of questionnaires received was 126 out of a possible
149 for a response of 85 percent.
Prior to recording the data, large sheets of graph
paper containing four squares to an inch were prepared for
each sub-heading of the questionnaire,

all schools partici

pating in this study were listed alphabetically by districts
on the vertical axis and the questions of the questionnaire
were listed on the horizontal axis,

üince the questions of

the questionnaire could be answered, in most cases, by a
check mark, an

was used in the appropriate square

according to the school and the response to the question.
This material constitutes the basic data used in this study
and was used to prepare the tables which appear in chapters
III, IV, V and VII.
Definition of Terms
Chemistry.

The science dealing with the composition

and properties of substances, and with the reactions by
which substances are produced from or converted into other
substances is known as chemistry.
High school or secondary school.

The high school

refers to that part of the public school system following
elementary school and comprised of grades nine, ten, eleven
and twelve.

However, according to the foundation program

-10-.
law^^ accredited Junior high schools consisting of grades
seven* eight and nine are listed as secondary schools for
financial purposes*

In this thesis, the terms high school

and secondary school are used interchangeably*

This study

is limited to grades nine, ten, eleven and twelve; therefore,
both terms will mean education above grade eight.
First class district school.
district refers to a territory under

A

first class
the jurisdiction of a

single board of trustees and having a population of eight
thousand or more.
Second class district school.

A

second class

district refers to a territory under the jurisdiction of a
single board of trustees and having a population of more
than one thousand and less than eight thousand.
Third class district school.^7
district refers to a territory unaer

a

third class

the jurisdiction of a

^^State Department of Public Instruction, School Laws
of the State of ^lontana, Laws of 1949, Chapter 199, section 3
ITÎelena, Montanal State Department of Public Instruction,
1949), p. 117.
^^state Department of Public Instruction, School Laws
of the State of Montana. Laws of 1953, Chapter 18, section
yj-ïfeôl, ^5-1ÉÜ2 (kelena. Montana: State Department of
Public Instruction, 1953), p. 67.
l&Ibid.. p. 67.
17lbid*

-11•ingle board of trustees and.having a population of less
than one thousand*
County hi^h school* T h e

term county high school

refers to an educational and administrative unit under the
jurisdiction of a single board of trustees appointed by the
board of county commissioners and serving a territory
comprising a governmental unit known as a county*
College teaching major.^9

A teaching major is a

minimum of forty-five quarter hour credits in a particular
teaching field or subject*

At Montana dtate

C o l l e g e ^ O

only

forty-three quarter hour credits are required in some fields
while in other fields more than forty-five quarter hour
credits are required.

In this study forty-five quarter hour

credits was the criterion used for determining a teaching
major.
College teaching minor.

A

teaching minor is a

minimum of thirty quarter hour credits in a particular
teaching field or subject.

Included in the required number

18 Ibid.. p. 171.
^^Montana ütate University, University of Montana
Bulletin. Series No. 462 (Missoula, Montana: Montana btate
University, august, 1955), pp. 64, 127-28.
^%ontana State College, Montana State College
Bulletin. Catalogue Number for 1950-52 (Bbzemian, Montana:
Montana State College, October, 1950), pp. 211-213.
2lMontana State University, 0£. cit.. p. 64.

-12of credits are certain required courses for each of the
various teaching areas.

Thirty quarter hour credits v/as

the criterion used for determining a teaching minor in this
study.

CHAPTER II
RÜVIEW OF r e l a t e d LITERATURE
I.

HISTORICAL OVERVm^

When high schools first originated, they were designed
as institutions for advanced training of students who had
completed elementary school.

Later, the secondary schools

devoted more time to the preparation of students for college.
Both functions presupposes that the students had academic
ability.

The Boston Latin Grammar School maintained its

purpose to develop boys capable of speaking, reading and
writing Latin correctly and fluently.

There was no chance

for a subject like chemistry to exist in the secondary
schools of that era.

About 1750 to 1800, chemistry was

given at university medical schools by men trained in Europe,
and by 1800, general chemistry was taught to seniors in arts
courses of four American colleges and universities.

With

the expansion of the knowledge of chemistry, the classifica
tion of parts into smaller units such as general, qualita
tive, quantitative and laboratory practice, elementary chem
istry was moved down to become a freshman college subject.^
^Central Association of Science and i^athematics
Teachers, Inc., A Half Century of Science and Mathematics
Teaching (Menaska, titfisconsin: George Santa Publishing
Company, 1950), pp. 141-44*
-13-

Acceptance of Chemistry In High Schools with Limitations
As a result of a wave of general interest, aroused by
popular demonstration lectures delivered on the lyceum plat
form and the result of scientific research and studies, the
subject of chemistry gradually moved down into the secondary
school curriculum so that as early as 1#1) chemistry was
taught in one academy*

In 1826, the Boston High School for

Girls required chemistry as a third year subject*
The introduction of chemistry in the high schools was
justified by the assumption that it would contribute some
thing to the pupils* mental development in the way of disci
pline and knowledge*

Thus, chemistry was presented largely

as a pure science*^
The Functional approach to Chemistry and dcience
Prior to 1890-1900, the purpose of secondary education,
as was previously stated, was to prepare youth for college,
and the dominate influences determining v/hat was to be
taught were college entrance requirements*3

Also, during

this time, the concept of faculty psychology began to be
questioned and the new concept of functional psychology
began to take its place.

The translation of Liebig*s course

in analytical chemistry resulted in the laboratory being the

-15center of instruction and the students were subjected to
what was known as Liebig's ''cook-book’’ chemistry#

In the

laboratoryI the student learned to follow directions, but
had to do very little thinking of his own#
As early as 1671, suggestions were made that chemistry
should be more practical, and by 1665, some educators felt
that secondary school science should be general instruction
rather than special education#^
In 1693, the Committee of Ten of the National Educa
tion Association recommended that chemistry precede physics
and be in the third year of school#

In 1699, the Committee

on College Entrance Requirements recommended the last year
of high school for chemistry#5
The Central Association of Science and Mathematics
Teachers in its report
matics

Teaching^

^ Half

Century of Science and Mathe

states that three reports have had signifi

cant influence in determining the courses that have been
offered and also the philosophy and methods of teaching that
have been in use#

The first report, Reorganization of

Science in the Secondary Schools# held that education should
contribute to health, command of the fundamental processes,
home membership, vocation, citizenship, leisure time and
^Ibld.. p. 144.
3Ibid.. p. 145.
Gibid.. p. 126.

-16ethical character#

In this report, Dr* 0* W, Caldwell,

chairman of the conraittee, recommended that general science
be offered in grade nine, biology in grade ten, chemistry in
grade eleven and physics in grade twelve#

During the period

1900-1920 covered in this report, there was a rapid increase
in the number of students enrolled in secondary schools, an
increase in the number of subjects offered and an increasing
number of students who did not plan to go to college.
science courses did not provide for the students*

Thus,

This

report also attempted to show how the material of specialized
science could be utilized to achieve the larger social goals
which had been set up and known as the "Seven Cardinal
Principles of iüducation."?
The second report, A Program for Teaching Science^
pointed out the need for teaching in such a v/ay as to make
for a more effective adjustment of the individual to the
world about him#

This report emphasized the building of

learning experiences around broad principles which are
fundamental to the understanding of nature.

This report

also gave emphasis to the importance of science in a general
^Klwood D# Heiss, Ellsworth S. Oboum, and C* Wesley
Hoffman, Modern Methods and Materials for Teaching Science
(New Yorkl fhe Macmillan Company, ï<)40) > P# Y.
National Society for the Study of i^ducation,
A Program for Teachin/z: Science* Thirty-first Yearbook, Part
T (ëïoomington# Illinois : Public School Publishing Company,

1932),

-17or liberal education and emphasized tho development of a
continuous program in science from grades one to twelve and
the first two years of college.
As a result of this report, more emphasis was placed
on scientific thinking, scientific attitude, problem solv
ing and appreciation.9

Nevertheless, courses in chemistry

and physics, in the main, cling to the aims of mental
discipline.1^
The third group of reports, covering the period from
1932 to 1947, consisted of The Purposes of Education in
American Democracy. H Science in General Education. a n d
Science Education in American Schools.13
During this period, the number of students enrolling
in school continued to increase and the need for science
education in a modern democracy was being realized.

New

^Central Association of Science and Mathematics
Teachers, o£. cit.. p. 133.
^^Arthur G. Hoff, Science Teaching (Philadelphia;
The Blakinston Company, 1^47), p* 1).
^^Educational Policies Commission of the National
Education Association, The Purposes of education in nmer1can^Democracy (Washington: NatTonalT”education Association,
12progressive Education Association, Science in
General Education (New York: D. Appleton-Century Company,

T9ÎÎT7"
^^National Society for the study of «education, Science
Education in American Schools, Forty-sixth Yearbook, Part I
(Chicago! The University of Chicago Press, 1947).

science courses were offered; the textbooks were made more
attractive, better illustrated and contained valuable aids
to the pupils and teachers#

Nev; teaching aids, slides,

motion pictures, films, models, charts and new apparatus
were being introduced into the classroom
Chemistry and Science in General Education
The trend in science courses throughout the junior
high school, the senior high school and junior colleges has
been in the direction of the more general type of courses#
The courses are planned to meet the more immediate science
needs of those who enroll in t h e m , T h e

greatest progress

toward such a goal has been in the elementary science,
general science and general biology courses.

Teachers of

senior high school chemistry and physics, laboring under the
artificial standardized courses of study and college en
trance requirements have tended to remain unchanged in
outlook.16

The Educational rolicies Commissionl? report outlined
recommendations for general education of youth and

14Central Association of Science and Mathematics
Teachers, 0£. cit, , p# 134.
15wational Society for the otudy of Education, op.

cit*. p. 150.
^^Progressive Education Association, 0£. cit#, p. 379.
17gducational Policies Commission of the National
Education Association, o£. cit.
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re cognized the inportance of training for personal growth,
social usefulness, citizenship, stimulation of intellectual
curiosity, ability to think rationally and appreciation of
ethical values.
The more recent Harvard r e p o r t deals mainly with
preparation for life in the broad sense of completeness as
a human being, rather than the narrow sense of competence
in a particular lot.
. . . The aim of education should be to prepare an
individual to become an expert in some particular
vocation or art and in the general art of the free man
and the citizen. Thus two kinds of education once given
separately to different social classes must be given to
all alike.19
"Below the college level, virtually all science teaching
should be devoted to general education."^0
• • . The term, general education, is somewhat vague and
colorless; it does not mean some airy education in
knowledge in general (if there be such knowledge), nor
does it mean education for all in the sense of universal
education. It is used to indicate that part of a stu
dent’s whole education which Iooks first of all to his
life as a responsible human being and citizen; while the
term, special education, indicates that part which looks
to the student’s competence in some occupation.
We are living in an age of specialism, in which the
avenue of success for the student often lies in his
choice of a specialized career, whether as a chemist,
^^General education in a Free Society, a Report
Prepared by the Harvard Committee (Cambridge: Harvard
University Press, 1945)
l^Ibid.. p. 54.
ZOlbid.. p. 156.
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or an engineer, or a doctor, or a specialist in some
form of business or of manual or technical work, bach
of these specialities makes an increasing demand on the
time and on the interest of the student. Specialism is
the means for advancement in our mobile social structure;
yet we must envisage the fact that a society controlled
wholly by specialists is not a wisely ordered society.
We cannot, however, turn away from specialism. The
problem is how to save general education and its values
within a system where specialism is necessary, 21
In the general field of science, much has been done to
try to develop a program of science to meet the needs of the
mass of students enrolled in the schools today, but the sub
ject of "chemistry does not seem to be making its propor
tionate contribution to the program of science in general
education,"22

In 1936, the Committee on Correlation of High School
Chemistry, division of Chemical ^^ducation, published An
Outline of bssentials for a Year of High School Chemistry,
These essentials were listed as suggestions in the form of
objectives, 23
1.
2,
3*
4*
5*

They are:

To show service of chemistry to our country.
To provide foundations for college chemistry,
To train in observing, exact reasoning and
scientific attitude.
To correlate recitation and experiment,
To keep notes in concise English,

Zllbid.. pp. 51, 53.
22john B, ijntrikin, "Science in General Education,"
Journal of Chemical Education, 26:276, May, 1951.
^^Albert b, Lawrence, "Articulation of High J>chool
and College Chemistry Instruction," Journal of Chemical
Education, 32:25-28, January, 1955.
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7*
B#
9#
10#

To build on earlier science to interrelate
sciences#
To encourage use of reference and science
periodicals#
To discover and encourage pupils with scientific
aptitude#
To stress principles involved in specific cases#
To use well established principles of psychology#

In high school the viewpoint of chemistry courses
should be informational, broadening and cultural as con
trasted with the technical, professional and specialized
attitude which is unavoidable in college.
The Value of High School Chemistry
It may be well to ask ourselves this question, "Of
what value is a course in high school chemistry?" and a
student may ask, "What real use is this course to me?"
Jesse H. Day24 answers these questions in an article
appearing in the Journal of Chemical iiducation#

The answers

for the majority of the students, Mr. Day points out, is
quite obvious.

They hope to derive information to use as

a tool in making a living.

However, there must be some

justification for the presence in the course for the many
students who major in any of the other fields.

The period

of the teens and early twenties is a crucial one in life.
During this period, the student is approaching intellectual
and emotional maturity and is physically in his prime#

Also

^^Jesse H. Day, "Why Dtudy Chemistry?" Journal of
Chemical Kducatlon. 26:154, March, 1951.

*22*
during this time* the student is striving to discover what
meaning and purpose there may be in life; he is about to
come to the conclusion that other people actually exist as
important beings rather than as an accessory to his personal
welfare.

The student, with newly opened eyes, seeks to put

the world into an understandable perspective.

At no other

time during life is the mind so supple and so capable of
being amended.
Mr. Day also points out that the particular and
Important services that the chemistry teacher and a course
in chemistry can make is the contribution of facts tn the
building material of a personal philosophy.
Chemistry can provide the student with some ideas
concerning the structure of matter, the finiteness of the
kind of matter, and the changes matter can undergo.

To this,

chemistry may add an appreciation for the orderliness of
nature and the simple laws which govern her works.
A student, after having only one year of chemistry,
may remember virtually no details after a few months.

The

things that stick will generally include some notion of
atomic structure and this information may be of some help
to the individual in forming a rational philosophy and in
understanding the very urgent iiTiplication of atomic power
sources.
Besides the complex of attitudes and ideas we call

«>23**
philosophy^ or education, there is gained by the student
a good deal of knowledge which might be characterized as
off hand knowledge that is immediately present and usable
whenever called upon*

This immediately available informa

tion is tool and cultural material*

The unique value of a

course in chemistry is that it is one of the only courses
taken by the students in which they learn the structure and
behavior of matter and this knowledge is "of primary impor
tance in the development of any realistic philosophy on the
understanding of nature*"25
II.

PRESENT TRENDS IK HIGH SCHOOL CHEMISTRY

Bernard Jaffe, in an article "Trends in High School
Chemistry,"26 points out that colleges are beginning to
accept modified chemistry courses as entrance requirements.
In these modified courses, less emphasis is placed on
equation writing, chemical calculation, laws and theory and
more stress is placed on the practical aspects of chemistry
such as household, consumer, cosmetic, photography, textiles
and other everyday uses of chemistry.

However, Mr, Jaffe

also points out, many schools because enrollment is not
large enough for two courses, are still dominated by college
25ibld.
^^Bernard Jaffe, "Trends in High School Chemistry,"
The Bulletin of the National Association of Secondary School
Principals * 37T6V-V3. January, 1953•

oriented courses*

The growth of chemical industries, the

production of synthetic compounds, and other scientific
advances have stopped the trend of piling up facts and the
new look is in terms of awareness of social and economic
Implications of chemistry*

Textbooks, which divided the

course in chemistry into tight units, are disappearing*

The

trend today is the organization of texts in which difficult
concepts are interspersed throughout the book for better
understanding and interest.

The texts are made more attrac

tive, pictorial and better illustrated*
Several years ago, perhaps primarily due to the
financial cost of laboratory equipment, there was a trend
away from the individual laboratory work to the lecturedemonstration approach to instruction.

Unfortunately, Mr*

Jaffe points out, this trend has not halted.

To eliminate

individual lab work robs the course in chemistry of vital
elements.

The pupil, in learning to handle and manipulate

apparatus, if properly taught, is learning skill; the power
of observation is sharpened and he is weaned from relying
on verbal authority alone.

The other trend is the histori

cal approach which, Mr. Jaffe points out, is not only
valuable for motivating and interest provoking but binds
the subject together more tightly and presents the science
of chemistry as a human achievement which grew and developed
to the present state.

The historical approach follows the

spirit of the 1936 report of the Committee on Correlation of
High School and College Chemistry.^7
III.

THE FUTURE OF HIGH SCHOOL CHEMISTRY

A great deal of experimentation and research has been
done throughout the past two or three decades in science,
especially with regard to methods of teaching science,
problem solving and the objectives and philosophy of science
education.

However, little has been done in one phase of

the high school science program, that of high school chemis
try.

The training of our future chemists must start in our

high schools and certain emphasis is needed to make high
school chemistry a strong foundation for military and
civilian needs of a technical nation.

The tremendous growth

of chemical knowledge and its application in recent years
creates a problem for all teachers of high school chemistry.
No longer can modification of a chemistry course be justi
fied by the continual addition of factual material.

At the

present time, textbooks contain more factual material than
is possible for the present day high school student to
assimilate in one year.

The answer seems to be, not in the

teaching of more chemical facts, but in emphasizing certain
basic fundamental laws, theories, and principles and a func
tional understanding which all students should seek to
^TEawrence, op. cit.. p. 28.
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develop during one year of high school chemistry.
Perhaps the major goal of instruction could be the
development of ability to explain the basic fundamentals
and by using these fundamentals predict phenomena.

The

factual material found in text books and reference books
can be used as a means of developing these understandings
further.
Weaver and Webb^^ outline what they feel to be
essential if chemistry is to take its place and provide the
future generation with an understanding and adequate founda
tion necessary in a technical world.
Weaver and Webb point out that more emphasis is
needed in earnest, intensive laboratory work in high school
courses.

Scanty experience in a poorly equipped laboratory

or haphazard experience in a well equipped laboratory must
be replaced with a more serious, well thought-out program.
There is no better way to develop the hand and mind coordi
nation that every technician needs than by actually handling
the apparatus and making careful observations.
Enrichment of classroom instruction far beyond the
textbook is an essential if teachers are to create the
Interest necessary for a continued, more comprehensive study
of the course.

Industry produces materials in abundance

^°Elbert C. Weaver and Hanor A. Webb, "The Future of
High School Chemistry," Journal of Chemical education.
28:430-33, August, 1951.

-27and some of this material is valuable as teaching aids*
ChartsI specimen kits, bulletins, booklets and models, as
well as other free and low cost materials, should be on hand
in quantity*

Administrators should look into the "enrich

ment habit" of their chemistry teachers because "an instruc
tor who accumulates and uses a generous supply of free and
low cost teaching aids is probably among the more alert
members of the profession,"^9
The school library should have an ample supply of
books, both reference and science fiction, on its shelves*
These books must be selected for up-to-dateness as well as
interest to the students*

The chemistry library should grow

continually from year to year*

Weaver and Webb point out

that every library should have a copy of Picture Book of
Chemistry by J* S. Moyer, F irst Chemistry Book for Boys and
Girls by A, P, Morgan, and Crucibles— the btory of Chemistry
from Ancient Alchemy to Nuclear Fission by Bernard Jaffe, as
well as other popular books*
The high school chemistry instructor has an obligation
to be well informed on chemical and education progress*
Being well informed is the teacher’s professional duty and
new developments should be brought to the attention of the
class*

Some of this information is headline news*

V/ith the

ever increasing number of demands, both curricular and

%9lbld.. p. 430.
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extra-curricular, that is placed on the present day teacher,
keeping informed may seem like an insurmountable task*
However, keeping informed means reading science and educa
tional periodicals, journals and the daily newspapers*
Membership in various education and science associations and
societies is another means and opportunity to be informed of
progress and methods*
Every chemistry classroom should have audio-visual
aids at hand*

Someone has said that one picture is worth a

thousand words, and films, filmstrips and slides on theory,
industrial operations and practical application of chemistry
may be worth many hours of lecture time*
Industry has invested several million dollars in the
making of educational films that are free to the schools,
the only charge being postage necessary to ship the films
to and from the schools*

A pamphlet, Bulletin No*

Films

on Chemical Subjects, listing titles and a brief description,
can be secured from The American Chemical Society, 1155 l6th
Street, N* W *, Vi^ashington 6, D . C.
Many experienced teachers may have to part with many
favored lecture topics*

In all our history, chemistry has

never affected our lives as it does today*

Weaver and V ebb

point out that it may be necessary to select topics for
discussion based on todays chemistry*

The teacher may have

to present more polymerization, more electro-chemistry, more

-29thInking in terma of ions, isotops, isomers, protons, and
atomic fission and fusion and present less Arrhenius, GayLussac, and Dalton*
Weaver and Webb feel the future of high school
chemistry instruction depends on broad training in several
sciences for the chemistry teacher.

They point out that the

significant developments in science are usually the result
of the labor of teams,
in his own field.

each

The most

member of the team a specialist
effective worker isthe one

whose outlook and interest have remained broad.

The people

who give us antibiotics, polio vaccine and numerous other
medicinals have straddled the field of chemistry and biol
ogy.

The atom bomb is a result of chemistry and physics,

while the advances made in the field of nutrition are the
result of effortsin chemistry and physiology.
chemistry teacher

must have

Today’s

a background in thebiological,

zoological, physical and earth sciences in order for his
services as a teacher to be effective in our present day
philosophy of general education for all youth.
The chemistry instructor plays an important part in
the guidance program.

All signs of the future point to

fewer and fewer workers on the farms and more in the facto
ries.

With the use of more machinery and tools and less

manpower, the industries and agriculture v/ill become more
scientific.

The opportunities for able and talented people

«»30*»
of science are countless.

The opportunity for women in

chemistry and the demand for women in certain positions
where a chemical background is necessary is becoming more
evident each year.

Positions in the field of nursing, labo

ratory assistants, laboratory technicians, pharmacy, medical
secretaries, food processors, and teaching, only to mention
a few, are being filled by able and competent women.

Boys

and girls of high school age need to be informed of these
possibilities.

The chemistry instructor needs to be alert

for any spark of talent and that spark should be kindled and
developed to its fullest

p o t e n t i a l .
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The mid-twentieth century high school student will
not perform the "grind” that the student of a half century
ago did.

The modern school is not selective and no chemis

try instructor wants every high school pupil in his course.
Weaver and V ebb see in the future, chemistry courses for the
unselected group, perhaps broad or fused courses offered in
the spirit of general education and the more able and
scientifically inclined student would be offered the more
technical and college dominated

30lbld.. p. 432.
^hbld.. p. 433.
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CHAPTER I I I

OFFERINGS AND ENROLLMENTS IN CHEMISTRY
IN MONTANA PUBLIC HIGH SCHOOLS
The state of Montana is unique.

The area of the

state is 145#^7^ square miles and it is the third largest
state in the United States.

The state is sparsely popu

lated, having only 4*1 persons per square mile, and ranks
forty-third in the union with only 633#000 people.^

Because

Montana is so sparsely populated, the state has many small
high schools.
I.

SIZE OF MONTANA HIGH SCHOOLS

The data of Table I show that eighteen high schools,
or 10 percent of the total number of schools, enroll 50 per
cent of the students.

Eighty schools, or 46 percent of all

schools, have an enrollment of seventy-five or less.
schools enroll only 11 percent of the students.

These

Thirty-

eight schools, or 22 percent of the total number of schools,
enroll only slightly over 3 percent of all students.

These

figures ar,e almost identical with the figures found in the

^Dan Golenpaul and associates. Information Please
Almanac 1957 (New York: The Macmillan Company, 1^56),
p. 225.
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TABLE I
NUMBER AND SIZE OF ACCREDITED PUBLIC HIGH SCHOOLS IN
MONTANA WITH PERCENT OF SKROLLMSKT
BY SIZE OF SCHOOL

Size of
School
351 and over
151-350
76-150
41-75
0 -40
Totals

Number of
Schools

Percent

Enrollment of
Schools

18
33
42
42
3ë

10.4
19.2
2 4 .2
2 4.2
22.0

15,736
7,491
4,569
2 ,4 3 0
1,045

173

100.0

31,2 9 0

Percent
5 0.4
2 3 .6
1 4 .6
7.7
3 .3
100.0
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national survey#^

The latest data in the national survey

show that 50 percent of the high schools that are the
largest enroll 11 percent of the students and that more
than one-half of all students are enrolled in 10 percent
of the high schools that are the largest.
The data of Table II show that the range in enroll
ment of all Montana public high schools is 15 to 2,086 and
the average enrollment is 181 pupils.

The first class

district schools and the county high schools with a range
in enrollment of 73 to 2,086 enroll almost half (49 percent)
of the student population.
For the purpose of tabulation in this study, the
schools were divided into the same administrative units
that are used by the State Department of Public Instruction
in Helena, Montana.

In Montana the organizational units

are district and county high schools.

The size of the dis

trict school districts depends on the total population with
in the boundaries of that district and the county high
schools serve an area known as a county, regardless of its
total population.

Since the size of the county high school

does not depend on population and is merely an administra
tive unit receiving tax support from the entire county,
there is found a much wider ran^re of enrollment in those
^Edgar Fuller, "Wire from Washington," Nation’s
Schools. 57:120, May, 1956.

•34*

TABLE II
THE TOTAL ENROLLMENT, RANGu OF
ENROLLMENT AND PERCENT OF T O T
MONTANA HIGH S C H O O L E BY

Range of
Enrollment

AVEr
ENROLLMENT OF

E N R O L L M E N T ,
A L

C L A S S

S C H O O L

Average
Enrollment

Percent
of Total
Enrollment

Class School

Total
Enrollment

First Class
Second Class
Third Class
County High

7,B55
11,301
4,570
7,564

511-2,086
50- 460
15- 143
73-1,770

1,309.2
176.6
53.2
455.0

2 5 .0
36.3
14.7
24.0

Total

31,290

15-2,086

lbO.9

100.0

-35schools than is found in district schools.
The purpose of this study was to ascertain, if at all
possible, the overall picture of chemistry in Montana high
schools*

This writer felt that this could be done effec

tively by using the same organizational units as the State
Department of Public Instruction*

a11 the large schools are

either first class district schools or county high schools*
Table II shows that these schools enroll $0 percent of the
student population*

The third class district schools, with

an average enrollment of fifty-three students, enroll only
one out of seven students*
II*

S C H O O L S

OFFlRIhG

C H E M I S T R Y

Table III shows a comparison of the number and per
cent of high schools teaching chemistry in 1956-57 with a
study made by Turcott3 in 1930.
Since 1930, consolidation, a result of shifts in
population and improved transportation facilities, had
decreased the number of secondary schools from 19^ to 173,
or 12*5 percent, but during the same number of years the
number of high schools offering chemistry had increased from
108 to 149, an increase of 36 percent*

In 1930, a few over

one-half of all schools offered chemistry, whereas in 1957,
^G. L. Turcott, "The Status of Instruction in High
School Chemistry in 1930" (unpublished Master’s thesis,
Montana State University, Missoula, 1930)*
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TABLE III
NUMBER AND PERCENT
C H E M I S T R Y

First
Class
District
’30 ’57

3CH00LÜ
1930 AND 1957

O F

H I G H

Second
Class
District
’30 »57

Third
Class
District
’30 ’57

T E A C H I N G

County
High
Schools
’30 ’57

Totals
’30 ’57

Number of
High Schools

6

6

54

64

119

86

19

17

198 173

Number Teach
ing Chemistry

6

6

42

62

44

64

16

17

108 149

Percent Teach
ing Chemistry 100 100

78

97

37

74

84 100

54

66

-3786 percent offered the course*

A survey of the national

scene in 194# revealed that 49*4 percent, or one-half of all
schools, offered chemistry*^
The data of Table III also show that all first class
district schools, all county high schools, a!)l but two sec
ond class schools and three-fourths of the third class dis
trict schools offer a course in chemistry.

The twenty-four

schools, twenty-two third class district schools and two
second class district schools, that do not have chemistry in
their curriculum are small schools with an average enroll
ment of forty-two students and a median enrollment of
thirty-three students.
The data of Table IV show the number and percent of
schools offering chemistry and participating in this study*
In Montana, many schools alternate chemistry with physics.
During the school year 1956-57, 105 schools offered the
course*

Forty-four schools did not teach the course during

the current school year*

Returns were received from 90 per

cent of the schools currently teaching chemistry and from 70
percent of the schools that taught chemistry last year.

A

total of 126 schools, or 85 percent, participated in this
study*

The reader will observe from Table IV that the

^Philip G* Johnson, The Teaching of Science in Public
High Schools* Bulletin 1950, ko. 97 Feaeral iîecurïty Agency,
office of Education (Washington: J* 3. Printing Office,
1950), p. 5.

TABLE I V

NUMBER

km

PERCENT OF SCHOOLS OFFERING CHEMISTRY
AND PARTICIPATING IN THIS STUDY
BY SIZE OF SCHOOL
First
Class
District

Second
Glass
District

Third
Class
District

County
High
Schools

Totals

Number schools teaching
chemistry 1956-57

6

45

42

12

105

Number responses of schools
teaching chemistry 1956-57

5

41

38

11

95

91.2

90.5

9 1 .6

90.4

Percent responses

83.3

t

Number schools not teach
ing chemistry 1956-57

17

22

5

44

Number responses of schools
not teaching chemistry
1956-57

12

15

4

31

Percent responses

70.6

68.2

80

7 0 .4

Total number of schools
offering chemistry

6

62

64

17

149

Total number responses

5

53

53

15

126

85.5

82.8

8 8 .4

Percent responses

t

83.3

84.6

-39percent of total responses from each class school and the
county high schools are almost identical.

The smallest

percent of responses were from second and third class schools
that did not teach chemistry during the current year.
That the responses in each category ranges from a low
of

percent to a high of 92 percent may he indicative of

the interest the chemistry instructors in the field had in
this study.
III.

CHEMISTRY ENROLLMENT IN MONTANA

The data in Table V show the extent to which second
ary students in Montana enroll in chemistry.

The total

enrollment of all public high schools in Montana, according
to the Form A reports filed with the State Department of
Public Instruction is 31,290.

The total enrollment of all

schools currently teaching chemistry is 26,079.

Thus, chem

istry was available in schools enrolling Ô3 percent of the
total student population.

A

study of the Form

A

reports

also reveals that the total chemistry enrollment in Montana
was 2 ,380.

This is 9.12 percent of the total enrollment of

schools currently teaching chemistry and 7.6 percent of the
total school population.

The total enrollment of schools

teaching chemistry the current year and participating in
this study was 22,996.
was 2 ,070.

The number enrolled in chemistry

This number enrolled in chemistry is 9 percent

TABLE V

NUMBER AND PERCENT OF STUDENTS OF MONTANA PUBLIC HIGH SCHOOLS ENROLLED
IN CHEMISTRY BY CLASS SCHOOL
First
Class
District

Second
Class
District

Third
Class
District

County
High
Schools

Total enrollment of all schools
in Montana, 1956-57 *

7,055

11,301

4,570

7,564

31,290

Total enrollment of all schools
teaching chemistry, 1956-57 *

7,655

6,647

2,385

6,992

26,079

497

651

442

590

2,380

Total chemistry enrollment of all
schools teaching chemistry "î*
Percent

6.35

Total enrollment of schools
teaching chemistry and parti
cipating in study> 1956-57 **

9.65

16.6

9.9

Totals

9.12

6,017

7,961

2,196

6,820

22,996

355

786

357

672

2,070

Total chemistry enrollment of
participating schools,
1956-57
Percent

5.9
*Form A High School Reports

**Oata From the wuestionnaire

9.9

16.5

8.4

9.01

I
0
1

of the total enrollment of participating schools.

Since

the percent figure from the Form A Reports and the question
naire seem to substantiate each other, this writer is of
the opinion that the percent figure of 7#6 would also be
substantiated if it would have been possible to obtain a
one hundred percent return on the questionnaires.
The data of Table V also show that the third class
district schools which have the smallest enrollment enroll
the largest percent of students in chemistry.

This may be

due to the fact that the larger schools can offer more elec
tive courses, whereas, in the smaller schools, chemistry may
be the only other course a junior or senior can take to fill
out his program of studies.

Only about one out of sixteen

students in the first class district schools is in chemistry.
A report made by the United states Office of Education5 shows that on a 3 percent sample of all high schools
in the nation during the year 1948-49, 7*6 percent of the
total enrollment of schools were enrolled in chemistry.
During the same year, 6.1 percent of the total enrollment in
Montana high schools were enrolled in chemistry,

the

time of this report, the 1954-55 estimate throughout the
nation was 7.3 percent.
^Mable C. Rice and others, "Offerings and enrollments
in High School Subjects," Biennial Survey of Education in
the United States. Chapter '5, Fecieraï ^^curTty agency,
Oiffice of Education (Washington: U. S. Government Printing
Office, 1951), p. 102.

Since I94S-4 9 , the percent of students enrolled in
chemistry in Montana has declined*

However, the state

enrolls the same percent of students in chemistry as was
found in the national survey.
Turcott,^ in the 1930 survey, found that during that
year

percent of the total enrollment and 10.7 percent of

the enrollment of schools teaching chemistry were enrolled
in chemistry.
The data of Table VI show the extent to which juniors
and seniors of schools participating in this study enroll in
chemistry.

The Form A High School Reports do not differen

tiate between Juniors and seniors enrolled in chemistry;
therefore, the figures in Table VI came from the question
naire completed by the chemistry instructors.
Chemistry in Montana is offered to both juniors and
seniors.

The data of Table VI show that one out of six

juniors, one out of four seniors, and one out of five juniors
and seniors are enrolled in the course.

This table also

shows that the course is offered mostly to seniors in the
first class district schools and the county high schools.
Interesting also is the fact that 17 percent of the seniors
as against 10 percent of the juniors are enrolled in chem
istry in the first class district schools while in the county
high schools the percent of enrollment of seniors is four
®Turcott, 22* cit.. p. 53»

TABLE V I

NUMBER AND PERCENT OF JUNIORS AND SENIORS ENROLLED IN CHEMISTRY BY CLASS SCHOOL
_______JUNIORS
Number Total En- î^erEnrolled^rollment cent

SENIORS___________ JUNIORS AND SENIORS
Number Total En* Per- Number fbtal En- ferEnrolled roliment cent Enrolled roliment cent

First Class
District

130

1,511

9.9

205

1,213

16.9

355

2,724

1 3 .0

Second Class
District

405

1,895

21.4

361

1,577

2 4 .2

766

3,472

22.7

Third Class
District

200

546

36.6

157

440

35.7

357

966

36.2

I

County High
Schools

129

1,603

6.1

443

1,360

32.5

572

2,963

19.1

Totals

SB4

5,555

15.9

1,166

4,590

2 5 .B

2,170

10,145

20.2

2,380

11,554

20.6

Form

A

1

R e p o r t s ......................................

times that of the juniors.

In the second class district

and the third class district schools, the percent of juniors
and seniors enrolled in chemistry is almost equal.

Only

in some of the larger schools of the first class districts
and the county high schools is chemistry offered only to
seniors,
Ü study of the Form A High School Reports reveals
that the total enrollment of juniors and seniors is ll,554f
and the number of students enrolled in chemistry is 20.6
perdent of this total.

The information found in the ques

tionnaire is substantiated by the form a High hchool Reports,
A 1947-4B survey by Philip Johnson? found that 50
percent of the chemistry students were boys,
percent was found in the 1954 survey.

a

similar

The percent of boys

enrolled in chemistry in all high schools was 56,9 and in
the mountain region of the United otates the percent was

61,1.®
The data of Table VII show the number and percent
of boys and girls enrolled in chemistry in grade eleven,
grade twelve and the total of grades eleven and twelve.
Table VII shows that almost 64 percent of the enrollment
^United States Department of Health, Education, and
Welfare, Offerings and Enrollments in Science and Mathe
matics In Tub! 1c Hign SchoolsV ifo. TT8 (Washington! ITT S .
GoVôïMent ^Printing Office, 1956), p. 12,

®Ibid.
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TABLE VII
NUMBER AND PERCENT OF BOYS AND GIRLS ENROLLED IN
CHEMISTRY BY GRADa AND CLASS SCHOOL
Grade 12
Grade 11
Total
Boy Gljfl Total Boy Girl Total Boy Girl Total
First Class
District

95

55

150

133

72

205

228

127

355

Second Class
District

249

156

405

229

152

381

476

308

786

Third Class
District

135

65

200

108

49

157

243

114

357

County High
Schools

64

45

129

287

156

443

371

201

572

563

321

SB4

757

429 1186 1320

Total
Percent in
Chemistry

63.7 36.3

63.8 36.2

750 2070

63.2 36.3

-

In chemistry are boys.

46

'"

In a chemistry class of twenty-five

pupils, one can expect to find sixteen boys and nine girls.
The number of seniors enrolled in chemistry is 1,186 and the
number of juniors enrolled in chemistry is 884.
senior to junior ratio of thirteen to ten.

This is a

These figures may

help substantiate the statement that in Montana chemistry is,
for the most part, a senior course.

IV.

sjMmaY

îfontana has many small high schools.

Almost $0

percent of the public high school population is enrolled in
10 percent of the high schools that are the largest.

Almost

half of all public high schools enroll seventy-five pupils
or less and these schools enroll only 11 percent of the total
student enrollment.

The first class district schools and

the county high schools enroll almost half of all students.
The average enrollment in all public high schools is 181
pupils, and the median enrollment is 89.5 students.
Chemistry is in the curriculum of 149, or 86 percent,
of all high schools in the state,
105 high schools taught the course.

huring the current year,
These 105 high schools

enroll 83 percent of the total school population.

The

twenty-four schools that do not have chemistry in the cur
riculum are small schools with an average enrollment of
forty-two students and a median enrollment of thirty-three
students.

These twenty-four schools only enroll about 3

“47“
percent of the total student population*
The number of students enrolled in chemistry during
the current year is 7*6 percent of the total student enroll
ment in all schools and 9 percent of the total enrollment of
schools that offer a chemistry course.
The third class district schools enroll the largest
percent of students in chemistry.

Tha first class district

schools, the larger schools, enroll the smallest percent*
One out of six juniors, one out of four seniors, and
20 percent of all juniors and seniors are currently studying
chemistry.

Although both juniors and seniors are in chemis

try in Montana high schools, more seniors than juniors are
enrolled.

The ratio of seniors to juniors is almost thir

teen to ten.

The ratio of boys to girls enrolled in chemis

try is sixteen to nine*
The percent of the total number of students in chem
istry has changed somewhat during the last twenty-seven
years.

From 1930 to 1948-49, the percent decreased from

Ô.5 to 8.1, and since 1948-49, has decreased to 7.6 percent.

CHAPTER IV
ADMINISTRATIVE PROCEDURES
The purpose of requiring certain subjects in any
field prior to the students’ enrolling in the next more
complicated and complex course is to insure, at least to
some degree, the background necessary to successfully study
that subject.

It would be folly to try to teach a student

algebra, as an example, if the student had had no background
in arithmetic and, likewise, calculus calls for a background
in algebra, geometry, trigonometry and analytical geometry.
A course in chemistry, if the course is designed as college
preparatory, is lacking some of its vital principles if the
student is not able to use the basic mathematics success
fully.

A student may be able to experience more success if

he had had a basic science course, either in the physical
sciences or the biological sciences, before his entry into a
course in chemistry.

However, the requiring of certain pre

requisites to a course in chemistry may not be justified if
the course were taught as an applied science rather than a
pure science.

Since the philosophy of education today is

more a general approach than the specialized approach, and
since one of the purposes of education is to educate a
person to take his place in society, requiring prerequisites
— ZfS—
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is perhaps no longer needed#

Nevertheless, in order to be

able to do Justice to the course, the teacher must do more
than just scratch the surface#

Any teacher with experience

in the classroom knows that to teach chemistry to students
without the minimum of background is a trying chore and in
many cases a frustrating experience for the students.
The data of Table VIII show that only sixty-six
schools, or a few over half of the schools sampled, required
a subject or a combination of subjects as a prerequisite to
a course in chemistry, and one-half of all schools requiring
prerequisites were the smaller schools classified as third
class district schools.

No first class district school and

only eight county high schools required the students to take
some course or combination of courses before enrolling in
chemistry.
The subjects or combination of subjects most fre
quently expressed as prerequisites by the chemistry instruc
tors are:

algebra, geometry and biology; algebra or general

mathematics and biology; algebra and geometry; and general
mathematics or algebra alone.

Only one school, a third

class district school, required a combination of four sub
jects— general science, general mathematics or algebra,
geometry and biology.

One school required general science

only and one school required general science, algebra and
biology.

-50TABLE VIII
NUMBER DISTRIBUTION OF COURSES AND COMBINATIONS OF COJR Sj.S
REQUIRED AE PRSRECîJISITES ‘ro OH EM 13TRY
BY GLA: S SCHOOL

Second
County
Third
First
Class
Class
High
Class
District District District Schools Total
General Science

1

General Mathematics
or Algebra

4

General Science,
General Mathematics
or Algebra, Geome
try and Biology

1
4

1

9

1

1

General Science and
Biology

2

1

1

4

Algebra or General
Mathematics and
Biology

5

9

1

15

Algebra and Geometry

6

5

1

12

Biology

1

3

4

General Science and
Algebra

2

2

General Science,
Algebra and Biology

1

1

Algebra, Geometry
and Biology
Total

6

7

25

33

4
S

17
66

-51That so many of the smaller schools stated that they
required prerequisites may be due to misinterpretation of the
question*

Small schools for the most part can not offer the

students as much of a variety in subjects as the larger
schools and the student, before entering a course in chemis
try, may have had all the science and mathematics offered in
the freshman and sophomore years,

dince each student has to

follow a sequence of courses to gain enough credits to grad
uate from high school, the freshman and sophomore science
and mathematics sequence of courses may be considered by the
instructor to be prerequisites for the course in chemistry.
Only one second class district high school and three
third class district schools sampled will allow sophomores
to take chemistry*
average ability.

This is allowed on the basis of above
This may be the only way small schools

can successfully satisfy the needs of the more able and
accelerated students interested in science.

Uo first class

school or county high school will make this allowance*
No school, if offering more than one section of
chemistry, sectionizes on the basis of ability or I . w.

The

students are allowed in chemistry if the schedule of classes
causes no conflict in the student’s daily program.

In the

smaller third class district schools, the guides used are
the prerequisites required and the pupil’s previous work
record*
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SUMMARY

A student after having had the fundamental science
and mathematics courses in his freshman or sophomore year,
may experience more success in the study of chemistry*
Only a few over half of all schools sampled require
the student to take prerequisites before entry in a course
in chemistry*

The first class district schools require no

prerequisites at all; however, the second class district
schools, the third class district schools and tha county
high schools do require at least one subject as a pre
requisite.

One-half of all schools requiring prerequisite

subjects are the smaller third class district schools.
greatest number of schools (seventeen) require three
sub je ct 8— algebra, geometry and biology— before studying
chemistry*
No sophomores are allowed in chemistry in the
larger schools.

However, the smaller schools will allow

sophomores in chemistry if the student has above average
ability.

Only four schools sampled make this allowance.

The

CHAPTER V
QUALIFICATIONS OF

C H E R S

For a number of years, much has been said in articles
appearing in magazines and newspapers concerning the quali
fications of science teachers in the secondary schools.

The

oldest and most tenacious idea was that a thorough knowledge
of the subject to be taught is the main criterion in judging
qualification.

The newer ideas and theories would add that

a knowledge of psychology and leadership and the ability to
project the knowledge of subject matter is also important.
Teaching is an interpersonal process and requires an
interest in the immature youth and a desire to help the
student develop to the fullest potential.
create the atmosphere.

The teacher must

Buildings, equipment, teaching aids,

books and a sound curriculum policy are only means by which
the teacher may strengthen his instruction.

The teacher, on

the other hand, must have the intellectual and emotional
maturity and the ability to use these aids in an effort to
develop the proper attitude in the pupil so the pupil can
grow in subject area as well as in the area of citizenship.
Quality is composed of many complex factors and is
an Intangible thing.

Judgment of quality is very difficult.

Since numbers can be counted objectively, the only objective
-53^
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Ma sure of quality# and the method used in this thesis# is
the collegiate preparation in chemistry and related subject
matter fields.

This author was unable to determine by the

questionnaire and the number of credit hours accumulated in
various areas the amount of knowledge actually assimilated
by the teacher during his college career*
For the purposes of this paper, the author is using a
teaching minor, which is thirty quarter credit hours of
college preparation in the subject matter field, as the
minimum requirement necessary to term the teacher qualified
to teach that subject.
I.

BRIKF REVIEW OF TEACHER EDUCATION

At the turn of the century, when teaching in the
secondary schools was under the influence of faculty psy*»
chology and the doctrine of formal discipline, there existed
the idea that to prepare youth either for college or a
vocation all that a teacher needed was a thorough knowledge
and background in the subject*

Also at that time, the prep

aration of teachers consisted of a sequence of courses where
emphasis was placed upon formal and systematic study of the
subject in order to be able to present the subject in a
similar manner to secondary school pupils.
Shortly after 1900, many colleges and universities
began to offer, along with the formal and systematic study

-55$f the subjectI a methods course designed especially for the
teacher#
Cornell University, during the year 1^9^-99, offered
a course called "Lectures on the Teaching of High School
Subjects*"

In these lectures all high school subjects were

discussed.

In 1914-15i & special and separate course was

offered for science teachers*^
^lany factors, far too numerous to mention here, have
greatly influenced the change in the preparation of second
ary school teachers.

The various commissions and reports of

these commissions not only influenced the method of teaching
and the objectives of education, but also the method of
teacher preparation.
The stress placed on the functional approach and
making instruction in school relate to all the areas of
living rather than the narrow emphasis upon facts and mental
discipline, the rapidly growing enrollments, the rapidly
developing ideas of vocational education at the secondary
school level and the realization that a subject had to fill
the needs and interest of the students were only a few of
the factors that influenced the preparation of teachers.
However, preparation of teachers tended to lag considerably
^Central Association of Science and Mathematics
Teachers, Inc., A Half Century of Science and Mathematics
Teaching (MenaskZ, Wisconsin: üêorge Banta Publishing
Company, 1950), p. 18).

behind school practices.
Conflicting theories on the part of educational
philosophers, psychologists and administrators created a
variety of practices rather than any common trend.^

The

movement toward the introduction of professionalized subject
matter courses gained impetus and in the nineteen-thirties
science teaching was a mixture of the earlier practices and
a variety of the newer ones, namely, emphasis on the indi
vidual, and known by such terms as "the child-centered
school" and the "project method."
During the past fifty years much gain has been made
in teacher education.

The introduction of professionalized

courses in the college curriculum, the growth of membership
In professional and scientific organizations on the college,
high school and elementary levels and summer workshops and
seminars have contributed greatly to science teacher educa
tion and is the result of the realization that teachers need
In-servlce training.3
II.

RCTIKW OF STUDIii^S MADE IN OTHER STATES

No nation-wide study has been made on the qualifica
tions of science teachers.

However, studies have been made

in several states and a few of these studies will be
^Ibld.. p. 106.
3Ibid.. pp. 167-186.

-57reviewed here, especially with emphasis on chemistry,

Deloach and Hall conducted a study of various aspects
of training and teaching combinations in Alabama public and
private white high schools.

They found that 22 percent of

the chemistry teachers had had only general college chem
istry, only 3 percent had had general college chemistry and
qualitative analysis and only 2 percent had had a course in
general chemistry, qualitative, quantitative, organic and
physical chemistry.

They also found that 19 percent had

had no course in physics and 12 percent had had no course
in mathematics.^
California
Magnusson, in a survey of California science teachers
in 1948, found that d percent had no collegiate degree and
S percent were teaching under an emergency certificate.
The remainder had bachelor’s degrees, master’s degrees or
five or more years of collegiate study,

ilagnusson also

found that 277 teachers had neither majors or minors in
science and he estimated that 18,000 students were being

W . s. Deloach and A. ft. Hall, ’’The Undergraduate
Preparation of High School Chemistry Teachers in Alabama,
1948*4 9 ," Science Education. 39:27-28, February, 1952.
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tAUght by unqualified teachers*5
Massachusetts
Watson; in 1948» found from data secured from 316 of
1|000 science teachers in the state that the mean semester
hours of the ninety-five chemistry teachers in the following
subjects were:

chemistry - 2 3*8 , physics 12.2; biology -

10*5; and mathematics - 12,6.

Watson also found that twenty-

four of the ninety-five chemistry teachers had less than ten
semester hours in the major field and twenty-nine teachers
had more than thirty semester hours in the major field
Minnesota
Kenneth E* Anderson, in a survey of fifty-six schools
in Minnesota in 1946-47, found that all but two of the ninetyone chemistry teachers had a degree or degrees.

The median

number of quarter hour credits in chemistry was twenty-three
and the median number of quarter hour credits in all science
was fifty-four.

One-fourth of all the teachers had eighty

quarter hour credits or more.

The median number of quarter

hour credits in mathematics was twenty-four and the median
number of years in the classroom as chemistry teacher was
^Critical Years Ahead in Science Teaching, A Report
of Conference on Nation-wide Problems of Science Teaching in
the Secondary Schools (Cambridge, Massachusetts: Harvard
University Printing Office, 1953)# p. 2 9 .
^Fletcher G, Watson, "Who Teaches Science in Massa
chusetts," Harvard Education Review. 19:147-50, 1949»

-
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One-fourth of the teachers had ten years or more

three*

experience in the classroom«7

Nebraska
M. E. Engel; in a survey of 777 high school science
teachers in Nebraska during the year 1949-50, found that the
mean semester hour of science credit of all chemistry
teachers was thirty-nine and the mean semester hour of
credits in education of all science teachers was thirty.^

Utah
Don Orton, in a study made of 2,055 certified high

school teachers in Utah in 1948-49, found that in the field
of physical sciences {chemistry, physics and geology) one-

fourth of the classes were being taught by those who majored
in this area, one-fourth by those who had minors and the
other 50 percent of the classes were being taught by teachers
with neither majors or minors in the physical science area.^
Ill*

FINDINGS OF THIS STUDY

College Degrees Held by Chemistry Teachers
The data of Table 11 show that all chemistry teachers
7Kenneth E. Anderson, "The Teaching of Biology and
Chemistry in Minnesota, 1946-47,” Science education, 34:58,
February, 1950#
Critical Years Ahead in Science Teaching* p. 32.
9lbld.. p. 34.
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TABLE n
DEGREES HELD BY CHEMISTRY TEACHERS IN
MONTANA HIGH SCHOOLS

Number of
Teachers
First Glass
Districts

Bachelor’s
Degree
Number Percent

Master’s
Degree
Number Percent

100

5

5

100

5

Second Class
Districts

53

53

100

22

41.5

Third Class
Districts

53

53

100

11

20.B

County High
Schools

15

15

100

9

59.3

126

126

100

47

37.4

Total

In Montana who participated in this study held bachelor’s
degrees and almost two out of five hold a master’s degree.
All chemistry instructors in the first class district
schools and over one-half of the chemistry instructors in
the county high schools hold the master’s degree, but only
one out of five chemistry teachers employed in the third
class district schools have the advanced degree.
The data in Table X show that sixty teachers, or
almost one-half of all Montana chemistry teachers sampled
in this study, received their highest degree from institu
tions of higher learning out of the state of Montana.

Almost

all teachers, four out of five, of the first class district
schools and two out of three teachers in the county high
schools received their highest degree out of state.

However,

56 percent of the teachers employed in the second and third
class district schools received their highest degree from
Montana institutions of higher learning.
Major and Minor subject Matter Fields
Table XI, page 63, was tabulated in this manner.

The

teacher in answering questions number two and three under
the subheading "Teacher (qualifications" of the questionnaire
was to list his major and minor subject matter fields.

In

tabulating the responses, all majors and minors in chemistry
were tabulated first; then chemistry with another subject
was tabulated regardless of the second subject; then science

"62• •

TABLE X
NUMBER OF CHEMISTRY TBACHi.HS V HO RECEIVED THEIR HIGHEST
DEGREE FROM MONTANA AND OUT-OF-STATE INSTITUTIONS
OF HIGHER LEARNING
Teachers
employed In

Montana
Institutions

First Class
Districts

1

1

5

Second Glass
Districts

29

24

33

Third Class
Districts

31

22

53

CountV High
Schools

3

10

15

66

60

126

Total

Out-of-State
Institutions

Total
Teachers

TABLE X I

EXTENT TO WHICH TEACHERS OF CHEMISTRY IN MONTANA HIGH SCHOOLS HAVE
MAJORS OR MINORS IN CHEMISTRY

Subject Matter
Fields

First
Class
District
Major Minor

Chemistry alone

2

Chemistry and other
subject

1

Science/Science and
other subject

Second
Class
District
Major Minor

Third
Class
District
Major Minor

County
High
Schools
Major Minor

Total
Major Minor

7

6

2

2

2

1

13

9

1

6

8

4

4

1

2

12

15

2

26

20

21

22

9

5

56

49

2

7

7

10

13

3

IR

25

Math/Math and other
subject

1

Educ/Kduc and other
subject

1

1

1

3

2

1

1

6

4

10

13

8

1

1

19

5

5
52

52

53

51

14

13

124

19
121

13.5

11.5

3.6

3.9

14.3

7.7

10.5

7.4

2 5 .0

2 7 .0

11.3

11.8

21.4

23.0

20.2

19.9

9.6

19.3

24.5

15.7

7.3

7.7

15.3

15.7

All others
Total
Percent have
Chemistry alone

40

Percent have Chem/
Chem and other
subject

60

Percent have majors
or minors in other
fields

5

20

er science with another subject was tabulated, regardless of
the science as long as it was not chemistry; the next tabu
lation was mathematics or mathematics and another subject if
the second subject was not a science; education or education
with another subject was tabulated next if the second sub
ject did not fall into any previous category; and last, all
other majors and minors in any field.

In some cases, the

teacher listed a major in education and a science.

In

tabulating, this response fell under the category of science
since science commanded a higher priority in the hierarchy
of responses*
Table XI should be read in this manner.

In the third

class district schools almost 4 percent of the teachers have
a major in chemistry alone and almost 12 percent have a
major in chemistry and some other subject,

almost one-

fourth (24*5 percent) are teaching chemistry with majors in
fields other than chemistry, science, mathematics or educa
tion*

The remainder of the table should be read in like

manner*
The data of Table XI, page 63, show that one out of
ten t€iachers who answered the question on the questionnaire
had a major in chemistry alone and one out of five had a
major in chemistry and another subject.

Also, 7 percent

were teaching chemistry with a minor in chemistry and one
out of five were teaching with a minor in chemistry and
another subject*

Also, Table XI shows that 15 percent of
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all the teachers sampled were teaching chemistry with
majors or minors in fields other than science, education and
mathematics*

The third class district schools and the

county high schools employ the smallest percent of teachers
with majors or minors in chemistry or chemistry with another
subject and the third class schools employ the largest per
cent of teachers with majors and minors in all other fields
to teach chemistry#

The data in this table would indicate

that the best qualified teachers are in the first class
district schools, the second class district schools and the
county high schools#
Credits in Subject Matter Fields
The data of Table XII show the mean, median and the
range of quarter hour credits in subject matter fields of
Montana high school chemistry teachers.

The median number

of credit hours in each of the subject matter fields for
teachers in the first class district schools is more than
the number of credits necessary for a minor.

However, in

the field of education the median is more than the number
of credits necessary for a major.

The range of credits in

each field for teachers of second and third class schools
is much greater than for teachers of the oth^-r two classes
of schools.

The data of Table XII would indicate that there

are teachers teaching chemistry with very few and, in some
eases, no credits in the subject.

—66-

TABLE XII
THE MEAN, THE MEDIAN AND THE RANGE OF QUARTER HOUR
CREDITS IN SUBJECT MATTER FIELDS OF MONTANA HIGH
SCHOOL CHEMISTRY TEACHERS
Teachers
Employed
in

Education
Chemistry
Physics
Mathematics
Median Mean Median Mean Median Mean Median Mean

First Class
Districts
Range

60
61.2 3 6 ,5
A5.5 36
33
40-85
17-100
15-50

Second Class
Districts
Range

39
46.2 31
0-126
5-95

Third Class
Districts
Range

34
39.9 20
26.7 15
15.9
0-102.5
1.5-103.5
0-62

25
0-61

County High
Schools
Range

31
3 7 .4
23-72

17.5
20.3
3.5-45

40.7
43.9
29-65

30.8 12
16.6 20
0-81
0-70

36
38.2 15
19.8
12-75
10-90

23

23.9

-67The data of Table XII, page 66, would also seem to
indicate that the teachers of first class district schools
are markedly better prepared in the field of physics and
mathematics than the teachers of the other three classes.
The teachers of the third class district schools have a
wider range of credits in chemistry and the median and mean
are both less than the necessary number of credits for a
minor.
Table XIII is a percent distribution of collegiate
preparation of chemistry teachers and presents a much
clearer picture than does Table XII, page 66.

The data of

Table XIII show that four out of ten second class school
teachers and 38 percent of the third class school teachers
have thirty credits or less in education %

The largest

percent of teachers fell in the twenty-one to thirty credit
interval.

In Montana, the number of credits in education

necessary to qualify for a teaching certificate is twentyfour.^^

This table shows that 10 percent of the chemistry

teachers have twenty credits or less in education.

Thus, it

can be assumed from this table that at least one out of ten
chemistry teachers are employed in secondary schools without
the education credits necessary to be certified under the
present law.

^^ontana State University, University of Montana
Bulletin. Series No. 462 (Missoula, Montana: Montana State
University, August, 1955)»
57.

TABLE X I I I

PERCENT DISTRIBUTION OF COLLEGIA?L PREPARATION IE FOUR SUBJECT MATTER AREAS OF
CHEMISTRY TEACHERS IN MONTANA HIGH SCHOOLS BY CLASS DISTRICT
iDUCATION
Quarter
Hour
Credits

Second
County
First
Third
Total
Class District Class District Class District High Schools
Number Percent Number Percent Number Percent Number Percent Number Percent
I

0-10
11-20
21-30
1
31-40
41-50
2
51-60
61-70
71-80
1
81-90
91-100
101 and over

25
50
25

4
2
15
6
5
3
4
6
3
1
3

7.7
3.3
28.8
11.5
9.6
5.3
7.7
11.5
5.3
1.9
5.3

3
3
14
10
8
2
3
4
3

5.3
5.3
27.3
19.5
15.6
3.9
5.3
7.3
5.3

1

1.9

6
4

50.0
33.3

2

16.7

7
5
35
21
13
7
7
12
7
1
4

5.3
4.2
29.4
17.6
10.9
5.8
5.3
10.0
5.3
.8
3.4
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TABLE X I I I

(c o n tin u e d )

CHEMISTRY
Quarter
Hour
Credits

First
Second
Third
County
Total
Glass District Class District Class District
Humber Percent Humber Percent Number Percent Number Percent Number Percei

0-10
11-20
1
21-30
31-40
3
41-30
51-60
61-70
71-80
81-90
1
91-100
101 and over

20
60

20

3
12
9
18
5
4

5.6
22.6
16.9
33.6
9.4
7.5

1

1.6

1

1.6

6
18
10
5
5
1
2

15.6
35.1
19.5
9.8
9.8
1.9
3.9

1

1.9

1

1.9

2
3
4
1

15.4
23.1
30.8
7.7

2
1

15.4
7.7

11
33
22
30
11
5
4
2
1
2
1

9.2
27.0
18.4
24.6
9.0
4.1
3.3
1.6
.8
1.6
ft
#o
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TABLE X I I I

(c o n tin u e d )

PHYSICS
Quarter
Hour
Credits

First
Second
Third
County
Glass District Class District Class District High Schools______ Total_____
Number Percent Number Percent Number Percent Number Percent Number IPercent

0-10
11-20
2 1 -3 0
31-40
41-50
51-60
61-70
71-80
81-90
91-100
100 and over

1
1
1
2

20
20
20
40

17
23
6
6

31.9
43.2
11.3
11.3

I

1.8

23
17
3
4
1
2
1

44.Ü
33.2
5.8
7.8
1.9
3.9
1.9

5
6
1

38.8
46.2
7.7

45
47
11
11
3
2
1

37.4
38.5
9.0
9.0
2.6
1.6
.8

1

7.7

2

1.6

I
0
1

TABLE X I I I

(c o n tin u e d )

MATHEMATICS
Quarter
Hour
Credits

First
Second
Third
County
Class District Class District Class District High Schools______ Total_____
Number Percent Number Percent Number Percent Number Percent Number t*ercent

0-10
11-20
21-30
31-40
41-50
51-60
61-70
71-BO
81-90
91-100
101 and over

1
1
1

25
25
25

1

25

14
14
8
11
2
2
2

26.3
26.3
15vO
20.7
5.8
3.8
3.B

14
9
11
6
7
3
1

27.3
17.5
21.5
11.7
1 3 .6
5.7
1.9

3
4
2
2
1

25.0
33.3
16.7
16.7
8.3

31
27
22
20
11
5
4

25.8
22.5
18.3
16.7
9.2
4.2
3.3

I
I
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In the subject of chemistry, 45 percent of the second
class school chemistry teachers and 70 percent of the third
class district chemistry teachers are teaching with thirty
credits or less in chemistry.

Also interesting is the fact

that 15 percent of the third class district teachers and
5 percent of the second class district teachers are teaching
chemistry with ten credits or less in chemistry.

Over one-

half (55 percent) of all the teachers have thirty credits
or less in chemistry.

In the fields of physics and mathe

matics, the chemistry teachers do not seem to be as well
qualified.

In the field of physics, 85 percent of all chem

istry teachers have thirty credits or less and 37 percent of
all teachers have ten credits or less.

In the field of

mathematics, two-thirds of all teachers have thirty credits
or less, and one-fourth of all teachers have ten credits or
less*
This table indicates that the teachers in the larger
school, the first class district schools, and some of the
county high schools and second class district schools are
markedly better qualified as far as collegiate preparation
is concerned than the teachers of the smaller third class
district schools.
Chemistry Courses Taken by Teachers in College
Table XIV is tabulated to help substantiate the
information found in Table XII, page 66, and Table XIII,

-73TABLE X I V

DISTRIBUTION OF CHEMISTRY COURSES TAKEN BY CHEMISTRY
TEACHERS IN MONTANA PUBLIC HIGH SCHOOLS
BY CLASS DISTRICT

Courses

First
Second
Third County
Class
Class
Class
High
District District District School Total

H, S. Chemistry only
General Chemistry only

5

6

2

13

H, S. and General
Chemistry only

3

11

1

15

E

ë

23

2

1

3

H. S., General College,
Qualitative, Quantita
tive, Physical, Organic

1

3

General College, Quali
tative, Quantitative

2

2

General College, Quali
tative, Quantitative,
Physical, Organic
1

3

7

H. S ., General College,
Qualitative, Organic 1

2

7

H.S., General College,
Qualitative, Quanti
tative and Organic

1

College, Qualitative

H. S., General College,
Qualitative, Physical,
Organic
1
General College, Quali
tative, Quantitative,
Organic
H. S*| General College,
Qualitative, Organic,
Biological

-

TABLE X I V

Courses

74(c o n tin u e d )

First
Second
Third County
Class
Class
Class
High
District District District School Total

H. S,, College, Quali
tative, Quantitative
H# S., General College,
Qualitative

3

H. S,, General College,
Organic

2

H* S., General College,
Qualitative, Quanti
tative, Physical,
Organic, Biological
H. S., General College,
Qualitative, Quanti
tative, Organic,
Biological

2

4

General College,
Organic

1

1

H. S., General College,
Qualitative, Organic,
Biological

1

1

General College, Quali
tative, Organic

1

1

General College, Quali
tative, Quantitative,
Physical

1

2

General College, Physi
cal, Biological

1

1

General College, Quali
tative, Quantitative,
Biological

Ht St, General College,
Organic, Biological

1

1

Biological only

1

1
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Table XIV shows that the chemistry instructors

have taken a total of twenty-five different combinations of
courses during their college career.
In order for a person to gain a minor (thirty credits)
in chemistry, he must have taken at least general chemistry,
qualitative analysis and organic chemistry.

One year of

general college chemistry would be fifteen quarter hour
credits, two quarters of organic chemistry would be ten
quarter hour credits, and one quarter of qualitative anal
ysis would be five quarter hour credits.

Many of the more

advanced courses are usually one quarter courses and carry
five credit hours.

Usually, in the normal sequence of

courses in chemistry in college, one year of general or
college chemistry is a prerequisite for qualitative analysis
and organic chemistry or carbon compounds.

Qualitative

analysis is a prerequisite to quantitative analysis and
these courses are prerequisites to physical chemistry, which
in turn is a prerequisite to physiological or biological
chemistry.

Thus, any teacher who has completed the normal

sequence of courses through biological chemistry could be
considered well qualified and any teacher who has completed
general college chemistry and, in addition, at least two
other courses could be considered to have the minimum of
qualifications, if the courses were valued at five credits
for each quarter of work,

nn examination of Table XIV,

pages 73 and 74, will show that sixty-eight teachers have

*76*
had at least the minimum number of courses or more.
In answering question four under ”Teacher Qualifica
tions" the chemistry teacher was to list his total number of
quarter or semester hours in chemistry.

In question number

five he was to check the courses in chemistry he had taken.
According to Table XIV, pages 73 and 74, sixty-eight
teachers, or $4 percent of all the teachers, could be consid
ered qualified because of the number of courses taken.

On

the other hand, Table XIII, pages 68-71, shows that only 46
percent of all chemistry teachers have more than thirty
credits or a minor in chemistry.

That these two tables do

not substantiate each other may be due to the fact that some
colleges and universities may not value some of their courses
at a full five credits per quarter, and, in tabulating the
information from the questionnaire, all semester hours were
converted to quarter hour credits.

Table XII, page 66, and

Table XIII, pages 68-71, will give a truer picture of
teacher qualification and Table XIV, pages 73 and 74, is
valuable insofar as it gives a picture of the various combi
nations of courses taken by the teacher during his college
career.
The Experience of Chemistry Teachers
Teaching experience.

In answering questions number

six, seven and ten under "Teacher Qualifications" of the
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questionnaire, the teacher was to state the number of years
experience he had teaching in high school, the number of
years experience in teaching chemistry and the number of
years in the present school.
Table XV shows the mean and median number of years
experience and the range of experience in each category.
The reader will observe that the range of experience varies
from a very few years to over thirty years, the wider range
of experience being in the first class district schools and
the county high schools, with a narrow range of experience
in the third class district schools.
The median number of years experience in each case
would indicate that the teachers in the larger systems have
more experience in teaching high school, more experience in
the chemistry classroom and tend to stay in the school:;
longer than do the teachers in the smaller third class high
schools.

The turnover of teaching personnel is normally

much higher in the smaller schools than in the larger
schools.

Teachers are continually looking for more and

better opportunities as well as better wages in education
and in many cases small schools and communities are not able
to provide these opportunities.

This is not at all surpris

ing when the fact that almost half of all high schools in
Montana have an enrollment of seventy-five pupils or less
is considered.
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table

XV

THE MEAN, THE MEDIAN AND iUKOE OF NUMBER OF Yu,iK.: EXPERIENCE
IN TEACHING HIGH SCHOOL; EXPERIENCE IN TEACHING CHEMISTRY;
AND EXPERIENCE IN THE PRESENT SCHOOL OF CHEMISTRY
TEACHERS IN MONTANA HIGH SCHOOLS
BY CLASS SCHOOL

Class
School
First Class
District
Range

Experience in
Hi&h School
Median Mean

12

Second Class
District
Range

7.5

Third Class
District
Range

5

County High
School
Range

21

Experience in
Chemistry
Median Mean

16.4
8-30

6

10.8
1-37

4

6.3
1-23
19.3
2-34

10.2

Experience in
Present School
Median Mean

8.5

2-27
7.1

4

0-30
1.5
2
0-10
12.5
13.8
1-32

11.8
3-27
6.8
1-30

2

2.9
1-13

9.5

13
1-33

-79Table XVI is a percent distribution of the experience
in teaching high school, the experience in teaching chemis
try and the experience in the present school of chemistry
teachers in Montana high schools#
The data of Part A of Table XVI show that 22 percent
of all chemistry teachers have two years or less experience
teaching high school and 48 percent of all chemistry
teachers have six years or less experience#

This table

shows that the greatest percent of the^e teachers with six
years or less experience are in the smaller schools of the
third class districts#

This table also shows that only one

out of six teachers have twenty-one or more years experience
in high school.
The data of Part B of Table XVI, page 81, show that
ten teachers, or 8 percent, have had no experience teaching
chemistry#

In checking these specific teachers, it was

found that these teachers were new to the profession and
were teaching in systems that alternate chemistry with
physics and did not offer a course in chemistry during the
current year#

Also interesting to note is that 63 percent

of all chemistry teachers have from one to six years experi
ence teaching chemistry and only about 6 percent have
twenty-one or more years in the chemistry classroom#

The

remaining 24 percent have from seven to twenty years experi
ence with a very few having more than fifteen years#

If it

could be assumed that years of experience in the classroom

TABLE X V I

PERCENT DISTRIBUTION QF NUMBER OF YEARS EXPERIENCE IN HIGH SCHOOL; THE NUMBER OF
TEARS EXPERIENCE TEACHING CHEMISTRY; AND THE NUMBER OF YEARS IN THE PRESENT
SCHOOL OF CHEMISTRY TEACHERS IN MONTANA PUBLIC HIGH SCHOOLS
PART A

Years

Experience in Teaching in High Schools
Second
Third
County
First
Total
Class District Class District Class District High Schools
Number Percent Number Percent Number Percent Number Percent Number Percent

0
1-2
3-4
5-6
7-8
9-10
11-12
13-14
15-16
17-18
19-20
21 and over
Total

2

40

1

20

2
5

40

11
9
4
7
3
2
1
1
3
3
■ 9
53

20.8
17.0
7.6
14.2
5.6
3.8
1.9
1.9
5.6
5.6
17.0

15
10
9
6
4
1
1
2
1
1
2
52

29.0
19.2
17.3
11.5
7.7
1.9
1.9
3.8
1.9
1.9
3.8

2

13.3

1
2

6.7
13.3

1

6.7

1
8

6.7
53.0

15

28
19
14
17
7
4
3
3
4
5
21
125

22.4
1 5 .2
11.2
13.6
5.6
3.2
2.4
2.4
3.2
4.0
16.8

oIx
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TABLE X V I

(c o n tin u e d )

PART B

Years

Experience in Teaching Chemistry
Third
First
Second
County
Total
Class District Class District Class District High Schools
Number
Percent Number Percent
Number Percent Number Percent Number Percent

0
1-2
3-4
5-6
7-8
9-10
11-12
13-14
13-16
17-18
19-20
21 and over
Total

1

20

2

40

1

1
5

2
16
12
2
3
5

3.8
30.2
22.7
3.8
5.6

8
29
10
4

15.4
55.8
19.2
7.7

9.U

1

1.9

20

20

4
2
2
2
3
53

7.6
3.8
3.8
3.8
5.6
52

3

20

2
1
1
2
1
1
1
3

13.3
6.7
6.7
13.3
6.7
6.7
6.7
13.3

15

10
49
22
8
5
7
2
6
3
3
3
7
125

8.0
39.2
17.6
6.4
4.0
5.6
1.6
4.8
2.4
2.4
2.4
5.6

t
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TABLE X V I

(c o n tin u e d )

PART C

________________ Experience in the Present School_____
Second
Third
County
Total
Class District Class District Class District High Schools
Number Percent Number Percent Number Percent Number Percent Number Percent

t irst

Years

0
1-2
3-4
5-6
7-8
9-10
11-12
13-14
15-16
17-18
19-20
21 and over
Total

1

20

2
1

40
20

1
5

20

21
6
3
5
3
3
6
2

39.5
11.3
5.6
9.4
5.6
5.6
11.3
2.8

3
1

5.6
1.9

53

34
8
6
1
2

65.5
15.4
11.5
1.9
3.8

4

26.5

1
1
2

6.7
6.7
13.3

1

1.9

2

13.3

1
4

6.7
26.5

52

15

59
15
10
9
8
3
9
2

47.2
12.0
8.0
7.2
6.4
2.4
7.2
1.6

4
6

3.2
4.8

125

I
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teaching a subject is a criterion along with collegiate
preparation in Judging teacher qualification, Part B of
Table XVI would seem to indicate that the better qualified
teachers are in the first class district, second class dis
trict and county high schools*

However, this may not be a

valid criterion as "thirty years" in the classroom may mean
very little if the experience was "one year at a time" and
the teacher was unable to profit by his experience, improve
his teaching and grow academically and professionally along
with the changing times and demands.
Part C of Table XVI, page 82, is a percent distribu
tion of the experience the teachers of chemistry have had
in their present school.

This table shows that 47 percent

of all teachers are in the first and second year in the
system with the largest percent of teachers employed in the
second and third class district schools.

Almost eight out

of ten teachers have ten years or less in the system and
only 5 percent have twenty-one or more years in the system.
Some conclusions can be drawn from Table XVI, pages
80-82.

Almost half of all chemistry teachers have six years

or less experience teaching in high school, seven out of ten
have six years or less experience teaching chemistry and
two-thirds of the teachers have been in their present system
for six years or less.

The teachers in the first class

district schools, the second class district schools and the

county high schools appear to be more settled and less
nomadic since a large percent of them være in their present
schools for five years or more, whereas the majority of the
teachers in the smaller schools of the third class districts
had less than five years and 65 percent of them were in
their first two years.
Industrial experience.

A teacher with experience in

industry may be a better teacher for this experience,

ün

instructor with experience in industry may be able to give
the more practical side of chemistry and increase interest
in the subject by relating his personal experiences in the
classroom.

He may be able to present the vocational possi

bilities of the subject better than one without this
experience.
Only sixteen of the 126 teachers sampled said they
had worked in an industry.

The amount of experience ranged

from a "summer time job" to "a little over three years."
Seven teachers had had experience in a metal industry as a
mining assayer, a metal analyst or as an assistant chemist;
two teachers had had experience inthe oil industry, one
the refinery and the other as an oil core analyst; two
teachers had had

experience in the sugar industry; two

teachers had had

experience in the laboratory of a cereal

company; two teachers had had experience in a government
ordnance plant, one as a metal analyst and the other as a

in

safety engineer; and one teacher had had some experience in
a hospital laboratory•
Education Beyond Graduation From College
The data of Table XVII show the mean and the median
number of weeks the teachers of chemistry have attended
summer school since graduation.

The mean and the median

in each class school is consistent.

The teachers of the

first class district, the second class district and the
county high schools have a median of at least thirty weeks
in summer school which is the minimum number of weeks
necessary in residence to receive a master’s degree.

The

median number of weeks in summer school for teachers of the
third class school teachers is only sixteen.
Eighty-five teachers, or 68 percent of all chemistry
teachers, have attended summer school, but it is not known
if any course taken during the summer session was in any way
related to chemistry or to the teaching of science in the
secondary schools.
IV.

A COMPARISON OF MONTANA

C H E M I S T R Y

T . J A C H E R S

WITH teachers in 0TH.^R STaTi^^
How do chemistry teachers in Montana compare with the
findings of the studies cited earlier in this chapter?
Difficulty arises when a comparison is made because
of the difference in research technique and the sampling of

TABLE XVII
THE Î4EDIAN ANÜ MEAN NUMBER OF WEEKS TEACHERS
OF CHEMISTRY HAVE ATTENDED SUMMER SCHOOL

Claas
School
First Class
Districts

Number of
Teachers

Number who
Have Attended
Summer School

Weeks
Med ian
Mean

5

5

42

44

Second Class
Districts

52

37

30

29

Third Class
Districts

52

31

16

18.2

County High
Schools

15

12

30

34.2

124

85

Total

-87tea chers used in the various studies.

However, some general

comparison may be made.
Only 10 percent of the chemistry teachers in Montana
are teaching with general college chemistry only, as com
pared to 22 percent found in the Alabama study.

In the

Massachusetts study, the mean semester hour for chemistry,
physics and mathematics were 23.8 , 12.2 and 12.6 respec
tively.

In this study the mean quarter hour credit for

chemistry ranged from 26*7 to 45#5, for physics the range
was 1J.9 to 30 and for mathematics the range was 20 to 40.7,
depending upon the class school.

In the Minnesota study,

one-fourth of all the teachers of chemistry had eighty quar
ter hour credits in chemistry as compared to less than 5
percent found in this study.

Also in Minnesota, one-fourth

of the teachers had ten years or more in the classroom and
this compares to 24 percent found in this study.

The Cali

fornia study showed that 8 percent of the science teachers
had no collegiate degree.

In Montana, all chemistry teach

ers have at least a bachelor’s degree.

The Nebraska study

showed that the mean semester hour of science credit of all
chemistry teachers was thirty-nine.

In this study, the mean

quarter hour credits in chemistry ranged from 26.7 for
teachers employed in the smaller schools to 45.5 for teachers
employed in the larger schools.

The Utah study revealed

that 50 percent of the classes were taught by teachers with

neither a major or a minor in the physical science area.
This study shows that 15 percent of the teachers of chemis
try have majors in fields other than science and 15 percent
have minors in fields other than science.

These teachers

are usually employed in the smaller schools.
V.

SUmA RY

Teaching is an inter-personal process which requires
an understanding of people, especially the youth of our
nation, and the qualifications of a successful teacher will
include more than collegiate credit in subject matter fields.
However, the only objective criterion available for judging
teacher qualification in a questionnaire type of study is
college preparation.
All chemistry teachers in Montana have a bachelor’s
degree and almost two out of five have a master’s degree.
All teachers in the first class schools and three out of
five teachers in the county high schools have the advanced
degree but only one teacher out of five in the smaller
schools has this degree.
Almost one-half of the chemistry teachers received
their highest degree from institutions of higher learning
out of Montana.

The majority of the teachers in the larger

schools (70 percent) received their degrees from out of
state whereas the majority of the teachers in the smaller
schools (56 percent) have Montana degrees.

-
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The better qualified teachers are in the first class
dietrict schools.

The median number of credits in education,

chemistry, physics and mathematics is more than a minor in
each subject and in education the median is more than a
major.

The teachers in the second class district schools

and the county high schools are not as well qualified in the
field of education as the teachers in the first class dis
trict schools, but in the field of chemistry the median is
more than a minor and varies by only five credits with the
median number of credits for first class district school
teachers.

For the teachers of the third class schools, the

median number of credits in education is more than a minor
but the median number of credits in chemistry is less than
a minor.
In chemistry alone, this study revealed that almost
10 percent of all chemistry teachers were teaching with ten
credits or less in chemistry, 36 percent were teaching with
twenty credits or less in chemistry, and almost one-half of
all teachers were teaching chemistry with thirty credits or
less.
The chemistry teachers are not as well qualified in
the fields of physics and mathematics.

Three-fourths of the

chemistry teachers have a minor or less in physics and twothirds have a minor or less in mathematics.

The better

qualified teachers in physics and mathematics are in the
first class district schools.

-
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Only one out of five chemistry teachers in Montana
have a major in chemistry or chemistry with another subject
and 15 percent of the chemistry teachers are teaching with
majors in fields other than chemistry, science or mathe
matics.
The chemistry teachers have taken a total of twentyfive different combinations of chemistry courses during
their college careers.

No chemistry teacher is teaching

with only high school chemistry as a background, but thir
teen teachers are teaching with only a course in general
college chemistry.
One-fourth of all chemistry teachers have two years
or less experience in teaching high school and 8 percent
have had no experience teaching chemistry.

Almost one-half

of all chemistry teachers are in their first and second
years in their present system.
Eighty-five teachers, or 66 percent of all chemistry
teachers, have attended summer school since graduation from
college.

The median number of weeks in attendance for

teachers of the first class district schools, second class
district schools and the county high schools was at least
thirty weeks, but for teachers in the third class district
schools the median number of weeks was only sixteen.

CHAPTER VI
CLASSROOM AND INSTRUCTIONAL PROCEDURE
In the secondary schools, some trends in the sched
uling of classes can be observed*

There is a trend away

from electives in the student’s program and a trend toward
more group scheduling*

In the past# especially in the

larger high schools, the students were allowed to select
their classes from a wide range of offerings.

The present

trend is to set up the program for students with similar
Interests and aptitudes and the election of activities is
limited to extra-curricular activities.
toward longer periods,

There is a trend

A six period day with no double

laboratory periods is much easier to schedule than the seven
period day with some double periods or the eight period day
with all laboratory activity scheduled as double periods.1
I.

METHODS OF SCHEDULING CHEMISTRY IN MONTANA

In Montana, the larger schools usually operate on a
six period day but the smaller schools have their day divid
ed into seven and eight periods.

The smaller schools often

find it difficult to schedule a six period day because of
^Harlan L. Hagman, The Administration of American
Public Schools (New York: McGraw-Hill Book Company, Inc.,

I951T, p7T5T7
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the number of clessee that have to be offered and the lim
ited number of teachers to teach those classes.

A teacher

in a small school may have to teach from four to seven
different subjects per day.

Thus, courses in laboratory

science, vocational agriculture and home economics are
usually scheduled as double periods for laboratory instruc
tion and are taught at least seven periods per week.
In this study, seventy-nine schools scheduled five
periods a week for one chemistry class and thirty-five
schools scheduled seven periods a week for one chemistry
class.

Only six schools used schedules calling for chemis

try to be taught ten periods a week, nine periods a week,
eight periods a week and six periods a week.
No definite pattern could be established as to the
length of periods in minutes as there was no way of knowing
if the time scheduled to pass between classes was included
or excluded when the question was answered.

Forty-four

schools used a forty-three and forty-five minute class
period; sixty-eight schools had periods fifty-five, fiftyseven and sixty minutes long; eight schools had periods
forty-seven, fifty, and fifty-three minutes in length and
only one school used a forty minute period.

The most fre

quently quoted figures were the forty-three and forty-five
minute period, and the fifty-five, fifty-seven and sixty
minute period.

-93In the schools using a seven period week for chemis
try, the instructor usually had three periods for class work
and four periods for laboratory instruction.

When five

periods were scheduled, the chemistry instructor could allow
more flexibility in his program and three to five periods
were used for classroom instruction.

The five period week

with class periods approximately one hour long would seem
the most practical.

For the majority of the chemistry

experiments done in high school, one hour periods are suffi
cient to accomplish the objective.

A

teacher can plan his

work 80 that laboratory instruction can fall on any day of
the week and only after the students have sufficient back
ground and understanding to do the experiment assigned.

The

teacher is not bound by a rigid laboratory schedule assigned
on certain days of the week.
A total of 166 sections of chemistry were taught
during the current school year in the schools sampled.

The

majority of the schools (ninety-nine) had only one section
of chemistry.

These were the smaller schools.

Twelve

schools offered two sections of chemistry per day; six
schools offered three sections of chemistry per day and the
five largest schools offered chemistry five times daily.
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METHODS OF TEACHING CHEMISTRY

Methods of Presenting Subject Matter
Lecture method* When the teacher imparts to the
learner by word of mouth the knowledge which the former
possesses and the latter lacks, the teacher is using the
lecture method of teaching.
The lecture method of teaching is rapidly vanishing
from the secondary schools.

The effectiveness of the lec

ture method is found to be dependent upon the ability of the
learner.

Studies have shown this method of teaching to be

less effective for the average or below average student,%
In the lecture method, the emphasis is mostly on con
tent, and there is no assurance that the audience is atten
tive and receiving what is given.

The lecture method of

teaching is cheap since no special apparatus is necessary
and this method requires less preparation on the part of the
teacher,3
Question and answer method.

Along with the lecture

method, the teacher can use the question and answer method.
In this method, the teacher, by his questions, attempts to
bring out information which the learner already possesses
^Arthur G, Hoff, Science Teaching (Philadelphia:
Blakinston Company, 1947TT"pp7"l53-54.

3Ibid.. p. 154.

The

-95and to organize it in the pupil’s mind to serve as a founda
tion for understanding the new knowledge to be learned.
This method can be employed during the discussion period.^
Drill.

Drill, often a boring and meaningless experi

ence, is an important phase of all learning.

If an attitude

is to be fixed or a concept is to be clearly and fully
developed, drill is needed.

In order for drill to be effec

tive, it must follow understanding, and the pupil must see
value in what he is doing.

The drill must be specific and

organized so each pupil can work by himself.^
Methods of presentation used by Montana chemistry
teachers.

Some of the teachers in this study were unable

to state the average number of minutes of each class period
given to lecture, drill, demonstration, discussion, super
vised study and assignment of lessons.

The number of

minutes given to each would vary considerably from day to
day and would depend upon the students and the phase of
chemistry being studied at the time.
Ninety percent of the teachers sampled were able to
state the average number of minutes devoted to each.

The

number of minutes given to lecture ranged from five to fortyfive minutes and the average was twenty.

The number of

^Ibld.. p. 155.
^Raleigh Schorling, Student Teaching (New York:
McGraw-Hill Book Company, Inc., 194^), pp. 232-235.
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minutes given to drill ranged from zero to fifteen minutes
and the average was ten minutes*

The number of minutes

given to demonstrations ranged from five to thirty minutes
with the average of twenty minutes.

The number of minutes

devoted to discussion ranged from five to forty minutes and
the average was fifteen.

Only ten minutes were devoted to

supervised study and the majority of the teachers used two
and five minutes for the assignment of lessons.
Teaching Aids
Class groups in high school chemistry will, unless
the group is highly selective, include some potential scien
tists of the future as well as students for whom the course
is primarily functional or non-technical.

To try to adapt

the course content to meet the demands of both groups proves
to be challenging, to say the least.

What we know about the

psychology of learning suggests that many kinds of teaching
devices and aids must be used in order to meet the needs and
abilities of all students.

A resourceful teacher will try

tc create learning situations in which the student can make
personal identification with the subject.&
Student reports on outside reading. V/ide reading of
reference material, whether it be science fiction, historical,
Report of the Science Teaching Profession by the
1956 Summer Conference for Wisconsin High School Chemistry
Teachers, "High School Chemistry— Keeping the Course Jp-toDate, ” The Science Teacher. 23^401-16, December, 1956.
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dent identify himself with the subject and perhaps provoke
interest and encouragement to pursue the topic further as
well as provide the student with leisure time activity.
Whether the reports on outside reading are oral or written
is immaterial.

Oral reports will give the student training

in expressing himself verbally before an audience, and gives
the student a chance to share his knowledge with the group.
Written reports will afford the student an opportunity to
develop his use of the language and express himself in
sentence form,
A science library with a quantity of up-to-date
reference books, science fiction books and periodicals is
an invaluable asset to an instructor who wants to broaden
the course in chemistry.
One hundred ten chemistry teachers stated that they
had reference books in the library.

Of these one hundred

ten teachers, fifteen stated that the library contained only
a "limited" number of reference books.

Science fiction books

were in the libraries of eighty-nine schools.

Only one

school did not subscribe to science periodicals.

The remain

ing schools subscribed to nineteen different periodicals.
The periodicals subscribed to by the most schools were:
Popular Mechanics— IQB. Popular Science— 101. Science Digest
--91, Science News Letter— 28. Scientific American— 21,
Chemistry— 17 and Current Trends in :cience--lL#

~
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Eighty#"three chemistry teachers stated that they have
the students give reports on outside reading.

Of these

eighty-three teachers, twenty-three have the students give
the reports orally and twenty-one have written reports
"handed in.

The other thirty-nine teachers used both the

oral and written reports depending on the amount of time
available for giving the reports.

All the teachers will

allow the student to pick a topic of his own choosing on
which to report unless the student is undecided and needs
help with choosing a topic.
Student projects.

The term "project" was first used

by R. W. Stimson in 1906 when he applied it to a plan of
part time work in the Vocational Agricultural High Schools
of Massachusetts.

Stimson justified the plan when he

stressed that skill or business ability can not be learned
from books alone, nor merely from observation of the work
and management.

Both require active participation during

the learning period.^
The project method revolutionized the field of
teaching agriculture.

The success in agriculture stimu

lated the introduction of the plan in other vocational
fields.

William H. Kilpatrick was one of the first persons

to apply the project method to other subjects in education.^
7Haroid Alberty, Reorganizing the Hi%h School Curri
culum (New York: The Macmillan Company, 'Ï950)i P» 23TI
*Ibld.. p. 232.

-99Chemistry projects are based on the premise that
effort follows Interest.

The student will try to learn that

in which he is interested and the type of things the student
learns will depend upon the amount and kind of effort he will
put into trying to learn.

The thing that makes chemistry

projects worth while is that it is an activity that is
selected by the student.

This activity becomes a device

which allows for individual differences in intelligence^
ability» initiative» curiosity and achievement.9
A chemistry project is a method of research which
helps stimulate and develop growth in the habit of thinking»
in the understanding of principles and in the appreciation
of the importance of chemistry.
Only fifty-nine teachers, or 46 percent, stated that
they used group projects in their teaching.

%hat type of

projects and how the projects were organized was not deter
mined.

Only seventy-three teachers, some of whom are in

cluded in the fifty-nine, stated that they use individual
projects in their teaching.
not determined.

Again, the type of projects was

However» eight teachers stated that the

projects were in connection with the science fair.

^Louis Panush, "How to Use Projects in Teaching High
School Chemistry," School Science and Mathematics, 52:291-99»
April, 1952.
lOlbid.. p. 298.
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A science fair is an exhibition of the

work of students interested in science.

The exhibits are

designed to show a biological, physical, chemical or techni
cal principle, procedure or industrial development.
objectives of a science fair are;

The

(1) to stimulate interest

in the study of science, (2) to stress the understanding of
fundamental principles in science, (3) to encourage students
interested in science, (4) to give students and teachers an
opportunity to see what others are doing in science, (5) to
provide a means of recognizing young scientists, (6) to
encourage educators in their guidance of science students,
and (7) to arouse interest in the scientific ability of
young people,
Several regional science fairs are held each year
throughout Montana*

at the regional fairs, students from

schools located in the area can submit a project.

These

projects are judged and the projects judged to be the best
are entered in the state fair held each year at Montana
State University,
At the State Science Fair, the projects are judged
and the five best projects are given Grand Prize Awards,
From the five Grand Prize winners, a boy and a girl are
chosen to receive an all-expense paid supervised trip to
Informâtion from Dr, Reuben A, Diettert, Professor
of Botany and Director of Montana Science Fair, Montana
State University, Missoula, Montana,

•
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display their exhibits at the National Science Fair,
In April, 1957# 255 public high school students from
thirty-five schools entered an exhibit in all divisions of
the Montana Science Fair,

The greatest number of students

(102) were entered from nineteen second class district
schools.

The six first class district schools entered

seventy-seven students and seven county high schools entered
sixty-six students.

Only three third class district schools

participated in the State Fair and these schools entered
eight students.
In the chemistry division, twenty-five students from
sixteen public high schools had exhibits.

In this division,

seven second class district schools had eleven exhibits,
five county high schools had nine exhibits, the one first
class district school had three exhibits and two third class
district schools had two exhibits.
Visual aids.
new.

The idea of visual education is not

Some twenty-five hundred years ago Pythagoras drew

geometric figures in the sand while his pupils gathered
around him to learn the principles of geometry.

Illustrated

textbooks appeared shortly after the invention of the print
ing press.

School children in the early New England schools

were taught to read with the aid of pictures, and today,
visual aids are used quite extensively in every phase of
education.
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Chartst posters, blackboards, bulletin boards, speci
mens and models are but a few of the visual teaching devices
used by teachers in the classrooms.

The thing that is new

about this type of teaching aid is the tremendous growth in
its use during the past two or three decades.
years, new forms of visual aids have appeared.

In recent
Among these

are the silent and sound motion picture, stereograph, stere
oscope, slides, filmstrips, and opaque projectors.
All but twelve chemistry teachers in Montana use
films or filmstrips in teaching chemistry.

Most schools

have some filmstrips available, but no school sampled had
their own motion picture film library.

There are two main

sources in Montana from which to secure instructional films.
The Montana State Department of Public Instruction has a
film library which consists of a collection of 2600 differ
ent titles of educational film and duplicate copies enough
to make a total of 4200 f i l m s , T h e s e films are provided
free of charge to the schools.

The only charge is postage

necessary to ship the film to and from the library located
in Helena.

The other source of chemistry films is industry.

These films are usually free of rental charge and available
to the schools upon request.
^ % a r y M. Condon, Your Schools Today and Their Achieve
ments. Biennial Report of tïïe Superintendent 6Y Public
Instruction of Montana (Helena, Montana; State Department
of Public Instruction, 1956), p. 6.
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Field trips»

The field trip is another teaching aid

that can be used successfully in a course in chemistry,
especially in the industrial communities.

The field trip

supplements curriculum experience and allows tht student
first hand experience, broadens the students knowledge and
presents the practical and vocational aspects of the course.
Only sixty-one chemistry teachers make use of the
field trip.

The average number of field trips used by chem

istry teachers in Montana is one per year, and a few of the
teachers have three per year.

The first class district

schools are located in the larger cities and towns in Montana.
These cities are the industrial cities of the state and may
provide excellent facilities for field trips, yet only one
first class school sampled used the field trip in connection
with chemistry.

The smaller schools used the field trip

most frequently as fifty-two second and third class schools
provide at least one field trip per year.
Science clubs.

The main objectives of a science club

are to motivate study of a particular phase of science
through application of science and provide an opportunity
for an extended study in some fields of science .^3
The science club is a means whereby the chemistry
teacher can utilize an extra-curricular activity to

^3Hoff, ££♦ cit.. pp. 211-13•

stimulate pupil participation and initiative in learning.
The student is given an opportunity to do specialized work
in some phase of chemistry not covered in the classroom.
The club is informal and allows a freedom of expression not
found in the usual conformity of the classroom.

The club

provides an excellent opportunity for the chemistry teacher
to help guide the student, both in education and a vocation.
From the social point of view, the club can help foster
school spirit and loyalty tc the school and the group and
develop the spirit of cooperation and service.
A total of thirty-three schools have a science club.
Only six third class schools have a science club, whereas
four first class district high schools, seven county high
schools and sixteen second class district high schools pro
vide this extra-curricular activity for their students.
Free and Inexpensive materials.

Another service to

the field of education provided for by the industries in the
country is free and inexpensive materials.

This free and

inexpensive material consisting of charts, diagrams, book
lets, pamphlets, brochures and even "comic books" is made
available to schools and can be used as teaching aids in the
classroom.

This material is designed and presented by the

^Elwood D. Heiss, tllsworth d. Obourn, and C, Wesley
Hoffman, Modern Methods and Material for Teaching Science
(Hew lorkT The M a cmiilan Company, 1940), p. 135.
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various industrial organizations to introduce to the stu
dents new production methods, new products of industry, and
principles of science.

All but two teachers sampled stated

that they make use of this material made available by indus
try.

As to the value of this material as an aid in the

classroom, 105 teachers stated that in their opinion the
material had some value.

Only nine teachers thought the

material was of great value and eight teachers thought the .
material was of very little value to them.

The value of any

teaching aid depends almost entirely upon the teaching
methods employed by the teacher and the teacher’s own philo
sophy concerning the use of such material.
III.

ORGANIZATION OF THi COURSb AND THù LABORATORY

Organization of the Course
The teacher, in answering question number eighteen
under the subheading ”Classroom and Instructional Procedure"
of the questionnaire, was to state the approximate amount of
time in weeks given to the following four areas:

fundamentals

of chemistry, organic or carbon compounds, non-metals and
atomic theory.
The amount of time in weeks the chemistry instructors
devoted to each area of chemistry varied considerably.

Not

only did the number of weeks devoted to each area vary among
the different class schools, but also among all the schools
sampled.

The number of weeks devoted to the fundamentals of
chemistry (matter, energy, solutions) ranged from one week
to thirty**six weeks#
teen#

The median number of weeks was four

The number of weeks devoted to organic or carbon com

pounds ranged from one to twelve weeks with the median at
five weeks#

The number of weeks devoted to the study of

non-metals ranged from one to twenty weeks and the median
number of weeks was seven#

For the study of the atomic

theory, the range was two to ten weeKs with the median at
three#
Qrganiaation of the Laboratory
The Report to the Science Teaching Profession by the
1956 Summer Conference for Wisconsin High School Teachers
emphasized that the material found in chemistry textbooks
was not chemistry but the results and history of chemistry#
The body of knowledge thought of as chemistry has evolved
from observations made during experimentation.

Suitable

opportunities for experimentation, exploration and discovery
should be provided for all chemistry students.
In this report are listed criteria in the form of
suggestions that can be used by chemistry teachers in
selecting and planning worthwhile and useful laboratory
Report to the Science Teaching Profession by the
1956 Summer Conference for Wisconsin High School Chemistry
Teachers, "High School Chemistry— Keeping the Course up to
Date." The Science Teacher. 23:401-416, December, 1956.
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activitiee.^6

The number of laboratory experiments done each year
by Montana chemistry students ranged from eight to two
hundred fifty#

The average number of experiments was forty-

eight and the median number was forty.

All but twenty-nine

teachers provided the students with the opportunity to do
optional experiments and the number of optional experiments
ranged from five to fifty#

However, the most frequent

number of optional experiments were two, five and ten#

The

questionnaire did not reveal the type or kinds of experi
ments done by the student#
One-fourth of all the teachers stated that the exper
iment being done in the laboratory preceded the discussion
of the experiment in class#

The other three-fourths of the

teachers usually discussed the experiment with the students
before the experiment was done in the laboratory.
All of the chemistry teachers required the students
to write up the observations and results of the laboratory
experiments#

In 80 percent of the cases, the student wrote

the observations and results during the laboratory period#
Eighty-seven percent of the teachers used a laboratory
manual and 8 percent supplemented the laboratory manual with
work sheets.

Ninety-two percent of the teachers stated that

they corrected the laboratory work, and 70 percent of these
pp. 409-412.

teachers corrected the laboratory work after the report was
The other JO percent corrected the laboratory

handed in#

work during the working of the experiment in the laboratory.
However, 13 percent of both groups stated that they occa
sionally used both methods depending upon the experiment and
the time available to correct the reports.
One hundred six chemistry teachers counted the labo
ratory work when averaging chemistry grades and sixty-nine
did so on a combination of grades on the experiments and

quizzes.

Fifty-five teachers counted the laboratory work

as a fixed percentage of the total grade in chemistry.

This

fixed percentage ranged from under 10 percent to 50 percent.
Only one teacher counted the laboratory work as 50 percent
of the total grade in chemistry, and five counted the labo
ratory work as 10 percent or less.

The most frequent percent

used was 21 to 30 percent by twenty-five teachers, and 11 to
20 percent by nineteen teachers.
IV.

SUMMARY

The most common methods of scheduling the school day
are in six periods and eight periods.

In Montana, seventy-

nine schools have chemistry scheduled five periods per week
and thirty-five schools schedule chemistry seven periods per
week.

Ninety-nine schools have only one section of chemis

try a day* but the five largest schools have chemistry five
times a day.
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The average number of minutes per class period
devoted to lecture was twenty; the average number of minutes
devoted to drill was ten;

the average number of minutes

devoted to demonstration was twenty; the average number of
minutes given to supervised study was ten; and for assign
ment of lessons, the most frequent number of minutes given
was two and five*
Reports on outside reading is one method of encour
aging further study of some topic that is of interest to the
student*

Eighty-three teachers have the students give

reports on outside reading and thirty-nine use both the oral
and written method of reporting depending on the time avail
able*
Almost one-half of the teachers sampled use projects
as a method of teaching and eight teachers used the projects
in connection with the science fair*
All but twelve teachers use films or filmstrips in
teaching chemistry*
library*

No school has their own movie film

The two main sources of chemistry films in Montana

are the State Film Library and industrial organizations.
Only sixty-one teachers made use of the field trip
in connection with chemistry and the average number of field
trips taken per year was one*

No first class district

school used the field trip and the second and third class
district schools used the field trip most frequently.

-
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A science club is an activity that can be used to
good advantage to stimulate interest in science, allow for
freedom of expression not found in the classroom and provide
the student with the opportunity to do specialized work.
Only thirty-three schools have a science club and these are
in the larger schools of the firrt class, second class and
county high schools.

Only six third class district schools

have science clubs.
Free and inexpensive materials are teaching aids that
can be utilized in the classroom,

all but two teachers make

use of free and inexpensive material and 105 stated that
they thought the material was of some value.

Only eight

teachers stated that the material was of no value.
Although no division is necessary, high school chem
istry is usually divided into four main areas:
organic, non-metals and atomic theory.

fundamentals,

The number of weeks

devoted to each varied considerably, but the average number
of weeks given to fundamentals was fourteen, to organic
chemistry the average number of weeks was five, to non-metals
the average number of weeks was seven and to atomic theory
the average number of weeks was three.
Laboratory experiments are an important oart of any
chemistry course.

The average number of experiments done

in a year was forty-eight and the median number of experi
ments done in a year was forty.

-IllOne hundred six teachers counted the laboratory work
when ayeraging grades in chemistry and fifty-five counted
the grades as a fixed percentage of the total grade in
chemistry.

The fixed percent varied from under 10 percent

to 50 percent with twenty-four teachers using 21 to 30 per
cent, nineteen teachers using 11 to 20 percent and only one
teacher counted the laboratory as 30 percent of the total
grade,
Perhaps one of the most important things when teach
ing any course in high school is to utilize, as much as
poSBible, various teaching aids in order to stimulate the
interest of the students.

How successful the teacher is in

using the various aids available depends on the teacher and
the class group.

In an unselected group, more activity is

necessary than if the group were selective.

CHAPTER V I I

LABORATORY FACILITIES
Early History of Science Laboratories
The very early science laboratories were not connect
ed with educational institutions, but were usually in the
home of the person working on some experiment.

The Morrill

Land-Grant College Act of 1862 provided laboratories for
work in the field of agriculture and engineering.

From

1862 until the close of the century, laboratories were
established in colleges at a rapid rate.
Laboratories were established in high schools shortly
after the turn of the century.

Secondary school science

teachers, who had worked in a college laboratory and could
see the value of experiments, made efforts to establish
laboratories in their schools and provide the high school
student with the opportunity to experiment.^
Growth and Decline of High School Science Laboratories
During the first two decades of this century, the
laboratory was considered a very vital part of science in
struction*

However, during the 1930’s a new method called

the **lecture-demonstration" method of laboratory instruction
^Aaron J. Ihde, "The Development of Scientific Labo
ratories," The Science Teacher, 23:325-27, hovember, 1956.
-
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individual experimentation*
Special laboratory manuals were published to aid the
teacher in conducting experiments.

These laboratory manuals

were of the "set up the apparatus as shown in the diagram"
variety and the results of the experiment could be answered,
for the most part, by filling in the appropriate blank.
This method of instruction left much to be desired as it
tends to de-emphasize problem solving.

This type of labora

tory instruction was commonly called "cook-book" chemistry.^
The lecture-demonstration approach to laboratory
teaching, the "cook-book" type of chemistry manual, the
rapidly increasing enrollment in secondary schools and the
cost of laboratory equipment were all factors that aided in
de-eraphasizing the laboratory until in many schools the
laboratory was insignificant.
Findings of This Study
Laboratory facilities in chemistry encompass a wide
variety of material such as chemicals, charts, matches,
glassware, tools, filter paper and countless other items.
No attempt was made in this study to ascertain if the labo
ratory equipment such as the small items listed above were
available*

This study was primarily concerned vjith the

^Ibld.. p. 325.
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^yslcal features of the laboratory, the more or less per
manent fixtures that seem essential if the students are to
be provided with a functional chemistry laboratory,

A

total

of 120 teachers completed the section of the questionnaire
under the subheading "Laboratory Facilities,"
The laboratory and the classroom were combined in
ninety-nine schools.

In twenty schools, the laboratory and

the classroom were two separate rooms and one school had a
folding door to separate the classroom from the laboratory,
What may be considered by one teacher to be an ade
quate laboratory may not be adequate for another,

Each

teacher has his ovm idea as to what constitutes adequate
equipment.

In the opinion of the teachers, sixty-one

teachers had adequate laboratory equipment, forty-two had
just the minimum equipment and seventeen had inadequate
equipment.
In order for a laboratory to serve the students,
there must be sufficient room for the number of students
enrolled.

In seventy schools the laboratory was large

enough to serve the students enrolled in the course, but
only forty schools had individual desks for the students.
The students worked in groups of four in ten laboratories,
and in groups of three in four laboratories.

In the other

sixty-six laboratories, the students worked in pairs.

The data of Table XVIII show the number of schools
In Montana that have certain facilities in the laboratory#
How important some of the facilities listed are to the
actual functioning of the laboratory is not known#

However$

any laboratory containing all the facilities listed, perhaps,
could be considered well equipped#
There are certain items of equipment and laboratory
facilities that would seriously handicap a teacher in the
laboratory instruction if the laboratory did not contain
them.
Gas#

Many chemical experiments need heat in order

to produce the proper chemical reaction, yet only 111
laboratories were equipped with gas#
Balances or scales#

An important phase of chemistry

is learning to weigh and measure prescribed quantity with
precision#

Only fifty-eight laboratories were equipped with

an analytical balance and 10? were equipped with a platform
balance#
Chemical and equipment storage.
chemicals is a must in any laboratory#

Safe storage of
Special cabinets

for storage of chemicals were provided in eighty-three
laboratories and special rooms for storage of chemicals
were provided in seventy laboratories,
had both special cabinets and rooms,

dome laboratories
storage space for

-
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XVIII

THE NUMBER OF MONTANA HIGH SCHOOLS HAVING CERTAIN
FACILITIES IN THE SCIENCE LABORATORY

Facility

Number of
Schools

Gas
..........
Natural
A r t i f i c i a l ......................................
Water at d e s k s ....................................
Distilled w a t e r ........................
Barometer..........................................
Room thermometer . .
............................
Platform balance ..................................
Analytical balance ................................
Electrical outlets
...
H o o d s ............................................ . .
C e n t r i f u g e ........................................
Special room for storage
of c h e m i c a l s ....................................
Special cabinets for storage
of g l a s s w a r e ....................................
Bulletin board ....................................
C h a l k b o a r d ........................................
Stools for students to sit
at laboratory tables ............................
Laboratory tables with acid
proof t o p s ......................................
Soap d i s p e n s e r ....................................
Paper towel d i spenser..............................
Crocks for corrosive waste
m a t e r i a l ........................................
Special container for broken
glassware........................................
First aid e q uipment................................
Blankets for f i r e ..................................
Fire e x t i n g u i s h e r s ................................
Printed notice of safety
precautions......................................

5^
53
102
73
98
103
106
58
107
47
32
70
92
107
120
49
72
40
78
73
56
89
21
99
48
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glassware and other equipment ±3 a necessity in any labora
tory and only ninety-two laboratories had this facility*
Laboratory desks*

Laboratory desk tops that will

resist the corrosive effects of acids and other chemicals
should be In every laboratory*

Only seventy-two labora

tories had desks with acid proof tops.
Safety facilities*
and equipment is a must.

The safe handling of chemicals
Facilities should be available

that can be used in cases of emergency.

The laboratory was

equipped with fire extinguishers in ninety-nine schools, and
blankets for smothering fire were available in only twentyone schools.

The laboratory was equipped with first aid

equipment in eighty-nine schools.
Summary of Findings
No school was equipped with all the facilities listed
in Table XVIII, page 116.

Only three first class district

schools, eight county high schools and twenty-nine second
class district schools were equipped with at least threefourths of all the facilities listed.

All of the third

class district school laboratories were equipped with less
than one-half of the facilities and eleven third class
district schools had less than one-fourth of the facilities
listed.

CHAPTER V I I I

TESTING PROCEDURE
Evaluation in Chemistry
Effective instruction in chemistry involves more than
just imparting knowledge contained in a textbook.

While

knowledge of facts is perhaps the major goal in chemistry,
other objectives should not be neglected.

Each objectives

as the ability to apply the facts and principles learned
from the text to the solution of problems, the ability to
think critically, and the attainment of desirable attitudes,
ideals and interests are also important in a course in
chemistry*
Evaluation is more than testing and examining by the
use of periodic testing devices.

Any evidence that shows

the progress toward the goals and objectives of the course
should be used in evaluation.

Thus, evaluation would take

into consideration the achievement and growth of the student
in relationship to his potential and the objectives of the
course.1
Tests and Examinations as a Source of Evaluation
Several types of examination can be used to measure
^John S, Richardson, Science Teaching in Secondary
Schools (Englewood Cliffs, N. J.: Prentice-Hall, Inc.,
W h , pp. 142-149.
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student progress in chemistry.
retention of content is the

If an objective appraisal of

objective of the course, tests

such as the multiple choice,completion,
false statements will serve the purpose.

matching and trueHowever, if reten

tion of content and the organization of the content is an
objective in chemistry, the essay type or the subjective
examination may serve this purpose.

The essay type test is

used to explain a function or a process, compare or contrast,
or outline general principles.

In this type of test, the

student not only has to use

facts but be able to use dis

criminative thinking in the

selection and organization of

facts.
Another type of test used in chemistry is the achieve
ment test.

These tests are usually objective and are given

at the end of the school year.

The function of an achieve

ment test is to express in terms of a single score the
pupil*s relative achievement in a given field.

The single

score provides a basis for placing the student in a rank
order.

Standardized achievement tests must meet two speci

fications— validity and reliability.

Validity is the degree

to which the test will measure what it is designed to
measure, and reliability is the degree to which two forms
of the test will give the same results.
A standardized test, whether it be in chemistry or
some other subject, relies heavily on the recall of

information and may not bear any relationship to the organi
sation the teacher employed in his teaching#
Findings of This 6t\xdv
Only fifty-seven teachers sampled stated that they
used standardized tests in chemistry.

Nineteen teachers

stated they used standardized tests, but neglected to name
the test used#

The other thirty-eight teachers used three

different tests.
The Anderson Chemistry Test#
Test^ was used by ten teachers#

The nnderson Chemistry

This test is a measure of

the extent to which students have achieved the important
objectives of high school chemistry.

The test is in two

forms with each form having a total of eighty items and
divided into the following parts;

Understanding of facts

and concepts, Understanding of applications of functional
principles, Understanding of the scientific method, and the
Ability to use basic skills in chemistry.

Percentile norms

are furnished with this test.
The Cooperative Chemistry Test.

The Cooperative

Chemistry Test^ was used by seven teachers.

This test is in

^World Book Company, Standardized Tests and Related
Ï4aterial8 (Yonkers-on-Hudson, N. Y*: World Book Company,
1957), p. 1.
^liducational Testing Service, 195& Catalog of Cooper*
ative Teats (Princeton, N. J . : Chemistry Test Division,
educational Testing Service, 1956), p. 55*

two parts and is based on the material given in a typical
high school course.

Part I of the test measures the stu

dent’s knowledge of basic chemistry and Part II is concerned
with laboratory procedures and the interpretation of reading
passages, graphs and tables.

Percentile norms are furnished

with this test.
Nation-V/ide Kvery Pupil Scholarship Test.

The Kansas

State Teachers College Nation-VJide ^very Pupil Scholarship
Test^ was used by twenty-one teachers.

In the past, these

tests were made by teachers in the field and checked by the
Bureau of ^educational Measurements at Kansas dtate Teachers
College, Kmporia, Kansas*

^ach year, new tests are devised

in each subject matter field and percentile norms are estab
lished after the teachers, who use them, turn in the scores
to the bureau.
Tests that accompany the text.

Many textbook authors

have devised tests to accompany the material found in the
text.

These tests are organized on the chapter or the unit

basis and are usually of the objective variety.

Only fifty-

one teachers in Montana used the tests that accompany the
textbook.
Teacher made tests.

Teacher made, tests, although they

^Bureau of Educational i^easurements, Bulletin of In
formation (Emporia, Kansas; Kansas otate Teachers College).
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may not be as valid and reliable as some forms of standard
ized tests, are used periodically to measure the achievement
of the students*
Teacher made tests were given by 115 teachers sampled
in this study.

Only two teachers did not give their own

tests and nine neglected to answer the question on the
questionnaire.

Objective tests only were used by thirty-

seven teachers, but seventy-six teachers used a combination
objective and essay type test.
Methods of testing;.

No definite pattern could be

established as to the methods of testing the teachers employ
in the periodic testing of their students.

However, thirty-

nine teachers stated that they gave tests after each unit,
fifteen teachers stated that they gave tests once a week and
after each unit and ten teachers stated that they gave tests
only once a week.

The other teachers had no set schedule for

testing and tests given would depend on the time and the
material covered in class.
As to correcting the tests given to students, all
chemistry teachers corrected the tests themselves.

Only one

teacher would allow the students to exchange papers and help
correct the short quizzes, and one teacher would let the
students help correct the tests *about half the time.”

CHAPTER IX
S(M4ARY AND CONCLUSIONS
I.

PURPOSE OF THIS STUDY

The purpose of this study was to collect and analyze
the facts concerning chemistry offerings and enrollments in
Montana high schools, the qualifications of chemistry teach
ers, the classroom and instructional procedure, and the
extent to which chemistry is made more interesting by the
use of teaching aids and devices and to compare them, when
ever possible, with findings of similar studies.
II.

PROCEDURE AND LIMITATIONS

The two main sources of information for this study
were the Form A High School Reports on file in the office of
the High School Supervisor, State Department of Public
Instruction, Helena, Montana, and a questionnaire covering
the following five areas:

administrative procedure, teacher

qualifications, classroom and instructional procedure, labo
ratory prodecure and testing procedure.
The study was limited to the public high schools in
Montana that offer a course in chemistry.

Since 149, or

86 percent of all public high schools in Montana, have
chemistry in the curriculum, all schools offering chemistry
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were sampled.
In January of 1957, the questionnaire was mailed to
the chemistry teachers in the schools offering chemistry.
Returns were received from 126, or 8) percent, of the schools
sampled.
Prior to recording the data from the questionnaires,

large sheets of graph paper containing four squares to an
inch were prepared with the name of the schools listed
alphabetically by class school on the vertical axis and the
question of the questionnaire listed on the horizontal axis.

III.

SUm^RY OF FINDINGS

Offerings and Enrollments
1.
2.
).
4.
5.
6.

7.

Eighteen high schools, or 10 percent of the total
number of schools, enroll 50 percent of the
students.
i-.ighty high schools, or 46 percent of the total
number of schools, enroll only 11 percent of the
student population.
The range of enrollment in all public high schools
is 15 to 2,086 and the average enrollment is
181 pupils.
The first class district schools and the county
high schools enroll 49 percent of the total
high school population.
Chemistry was taught in 105 schools during the
current year and those schools enrolled 83
percent of the total student population.
The number of students enrolled in chemistry
was 9 percent of the total enrollment of
schools participating in this study and 7.6
percent of the total school population.
Chemistry is «offered to both juniors end seniors
in Montana. The number of juniors in chemistry
is 1 5 .9 percent of the total enrollment of
juniors and the number of seniors in chemistry
is 2 5 .8 percent of the total enrollment of
seniors.
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The number of boys enrolled in chemistry is 64
percent of the total chemistry enrollment.

Teacher Qualifications
9#

All chemistry teachers in Montana have a bache
lor’s degree and almost two out of five hold a
master’s degree.
10# Sixty teachers, or 47 percent of all Montana
teachers sampled, received their highest degree
from institutions out of the state of Montana.
11. In the field of education, 10 percent of the
chemistry teachers have twenty credits or less.
In the field of chemistry, 55 percent of all
chemistry teachers have thirty credits or less.
In the field of physics, 85 percent of the
chemistry teachers have thirty credits or less
and in the field of mathematics, two-thirds of
all chemistry teachers have thirty credits or
less.
12. Only one out of six teachers have more than
twenty-one years experience in teaching high
school, while 22 percent have two years or less
experience, and 4 ^' percent have six years or
less#
13# Ten teachers, or 8 percent of the chemistry
teachers, have had no experience teaching
chemistry, 6 percent have had twenty-one or
more years in the classroom, and 63 percent
have had from one to six years in the chemistry
classroom.
1 4 . Only 5 percent of the chemistry teachers have
been in their present school for twenty-one or
more years, Sighty percent have been in their
present school for ten years or less and 47
percent were in their first two years in the
present school.
15# dighty teachers, or 68 percent, have attended
summer school since graduation from college,
but it is not known if any course taken during
the summer was in any way related to chemistry
or science teaching. The median number of
weeks in attendance in summer school ranged
from sixteen for teachers in the third class
district schools to forty-two for teachers in
the first class district schools.
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16#

17.

18.

19#

20.

21.

22.
23*

24.

The most comraon methods used in scheduling chem
istry is five periods per week and seven
periods per week. With a five period week, the
teacher is free to have laboratory periods any
day of the week. With the seven period week,
the teacher usually has three periods for
classroom work and four periods for laboratory#
One hundred ten schools have chemistry reference
books in the library and eighty-nine schools
have science fiction books available for the
students. Only one school did not subscribe
to any science periodicals. The other schools
subscribed to various combinations of nineteen
different periodicals.
Eighty-three chemistry teachers have the students
give reports on outside reading. All the
teachers will allow the student to pick a topic
of his own choosing unless the student needs
help in selection.
Almost one-half (fifty-nine) of all chemistry
teachers use projects in their teaching. Eight
teachers used projects in connection with the
science fair.
Thirty-five schools and
students participated
in the science fair during April, 1957. Twentyfive students from sixteen hign schools entered
an exhibit in the chemistry division.
All but twelve teachers use films or filmstrips
in their teaching. Sixty-one teachers made use
of the field trip, and only thirty-three schools
have a science club.
The average number of laboratory experiments done
each year is forty-eight and the median number
was forty.
One hundred six teachers counted the laboratory
work when averaging chemistry grades and fiftyfive teachers counted the laboratory work as a
fixed percentage of the total grade. This
fixed percentage ranged from under 10 percent
to 50 percent, with twenty-five teachers using
21 to 30 percent and nineteen teachers using
11 to 20 percent.
In ninety-nine schools, the laboratory and the
classroom was combined in one room. In twenty
schools the laboratory and the classroom are
two separate rooms, and in one school the two
rooms are separated by a folding door.
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26.

27.
28.

In forty schools, the students work individually
on laboratory experiments. In ten schools the
students work in groups of four, in four schools
the students work in groups of three and in
sixty-six schools the students work in pairs,
Only fifty-seven teachers give the students a
standardized test, Nineteen teachers neglected
to name the test given to their students, but
ten teachers use the Anderson Chemistry Achieve
ment Test, seven use the Cooperative Chemistry
Test for high schools, and twenty-one use the
Kansas State Teachers College Nation-Wide Every
Pupil Scholarship Test,
Fifty-one teachers use the tests that can be
purchased with the textbook, and 115 teachers
test the students with teacher made tests.
Only two teachers gave subjective tests only and
thirty-seven gave the objective test only. The
remaining teachers (seventy-six) gave combina
tion objective and subjective tests.
IV.

SUGGESTIONS FOR FURTHER RESEARCH

A study of any type, especially one covering as many
areas in one subject matter field as did this study, intro
duces problems that would be suggested topics for future
research.
1.
2.

3.
4.

A few of these topics are as follows:
A comprehensive study of the methods of teaching
science courses in Montana schools.
A study of teacher training institutions to
ascertain the program of studies required for
teachers in training to teach secondary science
courses,
A study similar to this study, but covering other
subject matter fields, such as biology, physics
and general science.
An investigation of the junior and senior students
in Montana high schools to ascertain why stu
dents do not enroll in science courses, espe
cially chemistry and physics. This type of
survey would require an instrument that the
students must complete, and the cooperation of
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the superintendents and principals of randomly
selected high schools.
A more comprehensive investigation of the class
room and instructional procedures, and the
testing procedures used by science teachers in
Montana high schools.
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ADMINISTRATIVE PROCEDURES

1. Your name (optional)_______________ _______________________
2. Ifeime of the high school

_____ __________________________

3. iJhat is the total enrollment of the high school? _ _ _ _ _ _
4. Ischemistry offered yearly?_________ Alternate years?_ _ _ _ _
5.

Do

you requireprerequisites totakingcheraistry?Yes_

N o ______

6#

Ifyou requireprerequisites, pleasecheck the subjects that are required2
General Mathematics _____
Biology _ _
Algebra I
_______
Advanced 14atheiaatics ______
Geometry_________ Physics_____________________
7# Are sophomores allowed to take chemistry?
Yes_____ N o _______
If your answer is yes, under what conditions are sophomores allowed to take
chemistry?

9# Nhat is the total onrollment of thejunior class?
10. Of the total enrollment of juniors, how maiy are enrolled in chemistry?_____
Number boys?_______ Number girls?
11. IJhat is the total enrollment of thesenior class?________
12. Of the total enrollment of seniors, how many are enrolled in chemistry? . . _
______
Number boys? _______ Number girls?
13. If there is more than one section of chemistry do you sectionize on the basis
of ability? Yes
No
If NO, do you use the I.Q? Previous
work? _________ Any other method?

14. Do you give the students a diagnostic test before they enroll in a course in
chemistry? Yes _____
No_____ . If answer is YES, what is the name of
the test used?_______ _______________ ________
TEACHER QUALIFICATIOIS
1. IJhat degree or degreesdoyouhold?
2.

Nhat

is your

minor(s)?

_________ wheretaken?

___________

___ _______ ___

3. Nhat is your
major(s)?_ ______ __________
4. How many hours (quarter or semester) do you have in:
^
Quarter Semester
Quarter semester
Education
____ _______ _
Zoology
______
Chemistry
________ _____________
Astronomy
,
Physics_____ _________ _
Bacteriology
Mathematics _______ ___________
Geology_______ __
Biology_____ ____ _____
Other science __
Botany_____ ____ ______
5.

Please check the coursesyou have
High School Chemistry
_____
General College Chemistry_____
Qualitative Analysis
Quantitative Analysis

______
______

taken:
Physical Chemistry
Organic Chemistry
Physiological or Biological
Other chemistry (name) ___

-1376. Hou many years of teaching experience have you in high school?
7. How many years of experience have you in teaching chemistry?

8*
9#

ilou many
weeks have you attended summer school sincegraduation?
Have you
had any experience in any chemical industry? Yes
Ho
If answer is yes, please name the industry ____________________
and type of experience
_
10. How many years have you been in your present school?.- ....
CLASSROOM AiD Il^BTRUCTIOilAL PROCEDURES
I,

How many

2#

How many

3.
4.
5.

6.

periods do you have for one chemistry classper week?_

sections of chemistry do you teach? _______
How longare these periods in minutes? ___________
How many of these periods do you have for class work?___________
VJliat would be the average number of minutes of each class period given to
Lecture
Discussion
_______
D r i l l
Supervised study_____ _______
Demonstrations
Assignment of lessons _______
Do you have the students make reports on outside reading? Yes ____ No____
Are these oral reports?
Written reports?________
Are the students assigned a topic? Yes
No
Are the students allowed to pick a topic of their own interest? Yes
No ___
Are both methods used? Yes
No

7. Do you make use of group projects in your teaching? Yes _____ No
. Do
you make use of individual projects in your teaching? Yes ___ No_____ .
Do you give time for individual experimentation that is of a nature that is
entirely the students ' choice within the bounds of safety? Yes
No
8. Do you make use of visual aids (movies or slides) in teaching? Yes

_No _ _

9# Do you oim your own film library? Yes _____ No ____. If your answer is no,
do you secure most of your films from industry? _____ Or from the State Film
Library?
.
10. Do you have field trips? Yes
No
. If your answer is YES, approxi
mately how many field trips do you have a year? __________
II. Do you have a science club in your school? Yes

No

_

12. Do you take advantage of the free material available from industries such as
General Electric, llestinghouse and others?
Yes ___ N o ______ •
13* Of what value do you find this material?

Great value ____ Some value

.

Little value_______ ,
14. Did any of your students participate in the science fairs held throughout
Montana last spring? Yes _____ No
. If your answer is YES, how many
participated?
.
15. What is the name of the tdxt book you are using? ______ ____ ____________
What edition (give date)
____________Nome of author(s)

-13616* If you care to give your opinion, do you consider the text you are using to
fair
or poor
?
be excellent_____ good
17. In your teaching, do you folloi/ the text very closely?
not closely? ______

not at all?

__ closely?

.

18. Approximately how much time in weeks do you give to the following areas?
Fundamentals of chemistry (matter, energy, solutions, etc.) __________weeks.
Organic chemistry or carbon compounds __________
weeks.
Non-metals
weeks.
Atomic theory
weeks.
19. Do you have reference books in the library or available to students?
Yes _____ No _____
20. Do you have science fiction books in the library?

Yes

No_____ .

21. Would you please check the periodicals which are available to the students?
SCIENCE DIGEST
CURPENT TRENDS IN SCIENCE _____
JOURNAL OF CNEIIIGAL EDUCATION
OTHERS (please name)___________
POPULAR SCIENCE
......
.... ....
POPULAR I4ECIIANICS
______
22. What laboratory manual do you use?

_

23. If you care to give your opinion, do you consider the mahual you are using
to be excellent? _____ good?______ fair?__________ or poor? _ _ _ _ _ _ _
24. Approximately how many laboratory'' e^ipcrimonts

are done each year?______

Do you provide the students with the opportunity to do optional experiments?
Yes
No
« If the answer is yes, approximately how many optional
experiments are done each year?
.
25. Does the œq^oriment being worked in the laboratory precede the discussion of
the experiment in class? Yes _____ NO
. Follow the discussion of the
experiment in class? Yes _____ . .. No ....... | or is the experiment discussed
while the students are working on the experiment? Yes
No _______
26. Do you require the students to write up the observations and results of the
experiment? Yes _____ No______ •
Is this done during the lab period? _ _ _ _
Is this done outside the lab period? ____
Is this written in the lab manual? ____
Is this written in a note book?
______
27* Do ycû correct the laboratory work? Yes _ No
* If answer is yes, do
you correct the work after it is handed in? ____ or during the working of
the experiment?_______.
28. Do you count ths laboratory work when averaging grades? Yes __ No__ . If
the answer is yes, on what basis is the laboratory grade made? On the average
of the grades on the experiments done? ______ On the quizzes on the laboratory
work? _______ On a combination of grades of experiments and quizzes?
Any other method (please state)_______________ :__ __________________

-13929* Do you count the laboratory grades as a f izced percentage of the total grade
If the answer is yes, how large a percentNo
in chemistry? Yes
age do you use?
10% and under
31-40%________
41-50%
____
11-20%
51% and over
21-30%
laboratory facilities

1, Is your laboratory separate from the classroom
or combinecl with the
classroom? _ _ _ _ _
2, Would you say that your laboratory equipment is adequate?
minimum?
or inadequate? _ _ _ _ _
3, Please check the facilities you have in your laboratory:
Special cabinets for the storage of
Gas ___ Natural __ _ artificial
glass’jare and other equipment
Water at desks
Bulletin Board______
Distilled water
Chalkboard
______
Barometer _____
Stools so students can sit and work
Room thermometer__
how many? _
the e:q)Griments _ _ _ _
Platform balance __
Desks with acid proof tops _____
how many?
Analytical balance^
Soap dispenser _________
‘ AC
BC
Electrical outlets
Paper towel dispenser
.
how many?
Crocks for corrosive waste
Hoods _________
material
____
Centrifuge (s)
Special containers for broken glass_
Special cabinets for storage of
First aid equipment______
chemicals ________
Blanlcets for fire________
Special room for storage of
Fire extinguishers ____ __
chemicals
__
Printed notice of safety precaut ions
4, Do you have adequate room for the number of students in the laboratory?
Do you have individual desks for laboratory work? Yes N0_
No
Yes
in pairs f
5. In the laboratory do the students work individually?
What other method is used?
___ ___________
TESTING PROCEDURE
1* Will you give any standardized tests in chemistry this year? Yes__ No
If your answer is yes, what is the name of the test you will give?_______
2# Do you use the tests that can be purchased with the textbook and made to
follow the text? Yes ___ N o _____
3# What method do you employ in the periodic testing of your students?
Test once a week?
_ _ _
No set scheduJ^e, varies from time to timo_
Test after each unit? _ _ _
Ary other method (please state) _ _ _ _ _
Test every two weeks? _____
4. Do you give tests which are made by you? Yes
N o ________
Subjective or essay
What type of test do you give? Objective test*^
type tests? ____
Combination of both objective and essay type?
5. What method do you employ in correcting the tests? Correct them yourself?
Exchange papers and have students correct them?
«

MONTANA STATE UNIVERSITY
MISSOULA

January 7, 1957

There have been numerous reports through the medium of
press and radio that the United States is not educating the
number of scientists that other countries are educating yearly.
It has also been said that ve^ as teachers of science, are
not creating the interest in science that is needed to insure
the United States of a continuing supply of scientists.
Under the sponsorship of the School of Education at
Montana State University, I am making a suirvey of the secondary
schools in Montana to ascertain the status, of chemistry today.
The purpose of this study is to attempt to find out where we
are today and perhaps draw some suggestions for the future.
You will find enclosed a questlormaire that will take
approximately twenty minutes of you:? time. In most cases you
will need only to make a check mark to answer the questions.
Would you please answer this questionnaire, place it in
the enclosed envelope and retuzui to me at yomr earliest
convenience.
Thank you for y oui' cooperation
Sincerely yours

Dean M, Li.ndahl
Approved :

Dean, Sch
Montana S

>f Education
,e University
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UP

Missoula, Montana
February 18, 1957
Just a line concerning the survey "A Status
Study of Chemistry in Montana High Schools" that
I am conducting*
I have received returns on almost 50 percent
of the questionnaires sent out, but I would
appreciate your help in making the study a success*
Would you complete your questionnaire and return
it to me as soon as convenient?
Sincerely,
Dean M. Lindahl

SECOND FOLLOW UP

Missoula, Montana
March 18, 1957

The following is a sununary of the replies that
I have received, as of this date, on the study of
Chemistry in Montana High Schools.

Districts

Total
Number

First Class
6
62
Second Class
Third Class
64
County High School 17
Total

149

Number of
Replies Rec*d

Perci

5
46
41
12

63
74
64
70

ÏÔ4

70

I have not yet received a reply from you.
Possibly the original questionnaire was misplaced,
Therefore, I am sending you another copy of the form
and a stamped envelope for your convenience.
Even though you may not be teaching chemistry
during this school year, your reply is of great value
to the study. I sincerely hope that you will take
a few minutes from your busy schedule and complete
the enclosed questionnaire.

Sincerely yours,
Dean M. Lindahl

-U3-

THIRD

FOLLOW U P *

Missoula, Montana
April 3, 1957

Just a note concerning the study of chemistry
in Montana High Schools.
Since my last correspondence I have received
a total of 120 returns on the questionnaire. This
is an 81 percent response from schools offering a
course in chemistry. I would like to have a 90
percent response, if possible.
Information from your school is valuable to
this study. Would you complete the questionnaire
and return it to me as soon as possible?
If you have misplaced the questionnaire,
please drop me a postal card and I will mail you
another form.
Thank you.

Sincerely yours,
Dean M. Lindahl

♦This letter was not typed or mimeographed, but
personally handwritten to the chemistry instructors
who had not responded to previous follow up devices.

app:

B

-145TKXTBOOKS USED BY CHEMISTRY TEACHERS IN
MONTANA HIGH SCHOOLS
Basic Chemistry by Bayles and Mills.
Company, Ï947#
New World of Chemistry by Jaffa.
Company, Ï955•

New York:

New York:

Macmillan

Silver Burdett

Elements of Chemistry by Brownlee, Fuller, and Whitsit.
York I Aliyn and Bacon, Inc., 1954#
Living Chemistry by Ahrens, Bush, and ::asley.
and Company, 1952.

Boston:

New
Ginn

Chemistry at Work by McPherson, Handersen, and Fowler.
Boston: üïnn and Company, 194#.
Chemistry in Action by Rawlins and Struble.
Heath and Company, 1952.

Boston:

Modern Chemistry by Dull, Brooks, and Metcalfe.
^
He nry Holt and Company, 1954.

D. C.

New York:

Chemistry for Nev; Age by Carleton, Carpenter, and Wooline.
Chicago : Lyons and Cornahan Company, 1949.
New Practical Chemistry by Black and Conant.
Macraillah Company, 1946.

New York:

The

Chemistry for Our Times by Weaver and Foster.
McGraw-Hill Book Company, Inc., 1954.

New York:

Chemistry Today by Biddle and Bush.
and Company, 1954.

Rand McNally

Chicago:

PERIODICALS FOUND IN HIGH SCHOOL LIBRARIES
Popular Science

Popular Science Publicity Co*
353 Fourth Avenue
New York 10, New York

Science Digest

Science Digest Magazine, Inc.
200 East Ontario Street
Chicago 11, Illinois

Science News Letter

Science Service, Inc.
1719 N Street, N. IV,
Washington 6, D. C.

Chemistry

Science Service, Inc.
1719 N Street, N. W.
Washington 6, D. C.

Scientific American

Scientific American
2 West 45th Street
New York, New York

Journal of Chemical Education Division of Chemical Education
American Chemical Society
1155 Sixteenth St., N . W .
Washington 6, D. C.
Science Education

Science Education Inc.
374 Broadway
Albany, New York

School Science & Mathematics

Central Association of Science
& Mathematics
P. 0. Box 408
Oak Park, Illinios

Nature Magazine

American Nature Association
1212 I6th St., N. W.
Washington 6, D . 0.

Scientific Monthly

American Association for
Advancement of Science
1515 Massachusetts Avenue
Washington 5, D . C.

-147Science World

Street & Smith Publications
304 East 45th Street
New York 17, New York

Current Science & Aviation

American Education Publications
1230 Fairwood
Columbus, Ohio

Science

American Association for the
Advancement of Science
Business Press
Lancaster, Pennsylvania

Mechanics Illustrated

Fawcett Publications, Inc.
67 W. 44th St.
New York 6, New York

Popular Mechanics

Popular Mechanics Company
200 East Ontario St.
Chicago 11, Illinois

Current Trends in Science

APn.i:Liz c
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